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Chapter 1 
INTRODUCTION 
The increasing human population places a stronger pressure upon all natural 
resources including wildlife and its habitat. Construction work along with 
developmental activities like establishment of hydro-electric power plants, 
irrigation canals and national highways entailed deforestation of large tracts 
that resulted in a significant shrinkage in the habitat of wild animals. This 
makes the wildlife highly vulnerable to hunting or poaching. Moreover, 
wildlife is lost through various illegal human activities too. Most wildlife 
species cannot compete with the expanding human population. This results in 
conflict between man and animal, where wildlife is always at receiving end. 
Wildlife in Ladakh is represented by more than 310 avifaunal species and 30 
mammalian species (Pfister 2004). The mammalian species includes eleven 
carnivores including snow leopard {Uncia uncia) as apex predator and eight 
wild ungulates; Tibetan gazelle {Procapra picticaudata), Tibetan antelope 
{Pantholops hodgsoni), blue sheep {Pseudois nayaur), Ladakh urial {Ovis vignei 
vignei), Asiatic ibex {Copra ibex), Tibetan argali {Ovis ammon hodgsoni), Tibetan 
wild ass {Equus kiang), and wild yak (Bos grunniens). Most of the 
aforementioned species are currently listed in Schedule I of the Indian 
Wildlife Protection Act of 1972 (Anon 2008) and Appendix 1 of the 
Convention on International Trade in Endangered Species (CITIES). Species 
like Snow leopard {Uncia uncia), Pallas's cat {Otocolobus manul). Lynx (Lynx 
lynx), Tibetan wolf {Canis lupus), Tibetan wild dog {Cuon alpines), Brown bear 
{ursus arctos), Ladakh urial (Ovis vignei) and Tibetan antelope {Pantholops 
hodgsoni) are also categorized as endangered/threatened species and are 
listed in Red data book of the International Union for Conservation of Nature 
(lUCN 2013). The populations of some of the above mentioned mammals 
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have declined in the last century due to poaching and habitat loss associated 
with human activities (Namgail 2009, Fox et al. 1991). 
In views of relationship between man and wildlife and between its habitats, it 
is important to know more about wildlife. One major aspect deals with 
feeding ecology. Food habits comprise one of the major determinants of 
various life history strategies in carnivores including spacing pattern, 
movement, habitat selection, social structure, success of reproduction and 
geographical distribution (Sunquist and Sunquist 1989, Owen and Owen 
1978, Bhaskaran 2011). Moreover, food habits of mammals are important to 
address livestock wildlife confUct and developing sound conservation 
recommendations (Miquelle et al. 1996, Bagchi et al. 2004). 
At the forefront of methods available used to study food habits of mammals 
round the world is faecal analysis i.e. identification and quantification of 
identified part that passed through digestive tract of animals (Green 1987, 
Jedrzejewski 2000, Ilyas and Khan 2004, Shrestha et al. 2005, Wegge et al. 2006, 
Andheria 2007, Wiebe et al. 2009, Ogara 2010, Wingard et al. 2011, Majumder 
et. al. 2011, Devkota 2013). 
Employing the faecal matter analysis technique present study was conducted 
in kargil, Ladakh with the aim to gather information on feeding spectrum of 
Asiatic ibex {Copra ibex), Ladakh urial {Ovis vegnei), Tibetan wolf {Canis lupus) 
and Red fox {Vulpes vulpes). The first chapter deals with introduction of the 
study and rationale, literature review and overview of the study species. The 
second chapter provides information on study area. Food habits of herbivores 
species such as Ladakh urial and Asiatic ibex are presented in third chapter. 
Chapter fourth deals with food habits of Tibetan wolf and Red fox. 
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1. Study species 
1.1. Asiatic ibex {Capra ibex) 
Order: Artiodactyla, Suborder: Ruminantia, Family: Bovidae, Subfamily: 
Caprinae, Tribe: Caprini, Genus: Capra, Species: ibex. 
1.1.1 Distribution 
Asiatic ibex is distributed all along the Rocky alpine steppe and the rugged 
tracts of the central Asian mountains - from the Hindu Kush in Afghanistan 
till the Sutlej gorge in Himachal Pradesh in India. Northwardly, the species 
occurs along the Altai Shan and Tien Shan, into Mongolian and Russia. In 
India the species is restricted to Trans-Himalayan region of India i.e. western 
Ladakh (Zanskar and Ladakh range), Nubra valley in Jammu and Kashmir, 
and Lahul Spiti in Himachal Pradesh covering an area of 25000 km^ within 
these two states. They usually occur at an altitude ranging between 2,500 and 
5,500 meters above sea level (Bhatnagar 2002). 
1.1.2 Field characters 
The Asiatic ibex is the largest wild goat of the genus Capra.This species is 
about 67-110 cm high at the shoulder, and 130-165 cm long in length. 
However, the weight varies between male and female. Male weighs 85-130 kg 
while female weighs 40-60 kg (Bhatnagar 2002). The colour of the coat is light 
skin colour with lighter undersides. However, the pelage colour varies across 
the ibex distributional range. The Himalayan population male are much 
darker with patches of white on back and neck. A dark dorsal stripe is 
pronounced in male from lower neck till the tail. The lighter ventral parts of 
females and young males are separated from the main body colour by a 
darker stripe which runs along the sides. Both the sexes have dark beard 
beneath the chin and graced with heavily ridged horns that grow up to 148 
cm in male and 30 cm in female (Bhatnagar 2002). 
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1.1.3 Behaviour 
Asiatic ibex is gregarious animal living in small groups with an average of 11 
animals per group (Bhatnagar 2002). It is principally a diurnal animal and has 
alternating period of resting and activity throughout the day. It usually 
forages in early forenoon and late afternoon. Life span of the species is 12-15 
years and male rarely survive beyond their 7*-8* year. It is an intermediate 
forager feeding on grasses, forbs, leaves and shoots of shrubs and also trees 
(Bhatnagar 2002). 
1.1.4 Conservation status 
The species is the second most abundant wild ungulate in Ladakh after the 
blue sheep (Fox et al. 1991, Namgail 2009). The Asiatic ibex was hunted 
heavily in the past both for trophy and meat (Fox et al. 1991), and hence the 
present population is very sparsely distributed. It is estimated that there are 
about 6,000 individuals in Ladakh (Fox et al. 1991). Presently, Asiatic ibex is 
categorised as low risk under Red List of Threatened species (lUCN 2013), 
Vulnerable in CAMP (Bhatnagar 2002) and Schedule 1 of Wildlife Protection 
Act 1972 (Anon 2008). 
1.2 Ladakh urial {Ovis vegnei) 
Order: Artiodactyla, Suborder: Ruminantia Family: Bovidae, Subfamily: 
Caprinae genus: Ovis, Species: vegnei 
1.2.1 Distribution 
The species is endemic to Ladakh region, occurring in relatively less steep and 
rolling slopes usually below an altitude of 4200 m. It has a peculiar 
distribution in ladakh, where it occurs only along two major rivers: the Indus 
and the Shayok (Mallon 1983, Fox et al. 1991). Along the Indus, it occurs 
continuously from upshi in the east till Dha-Hanu. A sub-population also 
occurs in the Wanla-Lamayuru-Nindum area toward the south and in 
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Markha valley. The population of Shayok mostly concentrates around Tirit-
Sumur, Nubra River and Diskit-Khalsar area (Bhatnagar 2002). 
1.2.2 Field characters 
The Ladakh urial is a small wild sheep that is about 67-100 cm high at 
shoulder, and weighs 36-87 kg. Adult urial coat varies from grey brown in 
winter to rufous grey or brown in rest of the year. Both male and female bears 
horns, male horns are larger (50-100 cm) than female (15-20 cm). The horns in 
Male curve up, back downwards and turns a bit inwards. Horns in female are 
short and parallel. 
1.2.3 Behaviour 
They usually occur in small groups of 5-12 animals, however in certain areas 
and in seasons such as spring they may occur in larger groups. The total life 
span is 10-15 years and male rarely survive beyond 7'^  to 8* year. It is an 
intermediate forager that consumes primarily grasses, forbs and shrubs 
(Bhatnager 2002). 
1.2.4 Conservation status 
The species faces danger from both humans and their livestock, especially 
with the increasing road access to the area (Mallon 1983; Fox et al. 1991). The 
population of the species reduced down to 1000 in the past (Fox et al. 1991). 
However, the current estimated population of the animal in Ladakh is 2,000 
individuals (Namgail 2009). The species is listed as endangered in Red List of 
Threatened species (lUCN 2013), Endangered in CAMP, Schedule I of wildlife 
Protection Act (Anon 2008) and Appendix I of CITIES (Bhatnagar 2002). 
1.3 Red fox Vulpes vulpes 
Order: Carnivora, Suborder: Canoidea, Family: Canidae, Subfamily: Caninae 
Genus: Vulpes, Species: vulpes 
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1.3.1 Distribution 
The red fox is the most widely distributed canid species among the order 
Carnivora covering nearly 70 million km^. It is distributed by 44 subspecies 
across the entire northern hemisphere from the Arctic Circle to North Africa, 
Central America, and the Asiatic steppes. The species is absent from Iceland, 
the Arctic islands, some parts of Siberia, or in extreme deserts. Later the 
species was introduced to United States, Canada and AustraUa (Sillero-Zubiri 
et al. 2004). Within Indian limits, red fox occurs in Ladakh, Kashmir and the 
Himalayas extending eastward from Sikkim to desert zone of north western 
India (Prater 2005). 
1.3.2 Field characters 
Red fox is a medium sized canid and the largest fox in the genus vulpes. The 
body length of an adult red fox ranges from 55 to 75 cm with an average body 
weight ranging between 4.5 and 5.5 kg. The colour of pelage is reddish brown 
with white under belly. However, bright yellowish, grey, silvery and black 
individuals also occur across its distribution range (Prater 2005). It can be 
easily distinguished from other Indian foxes with its long, thick and bushy 
tail with white tip. 
1.3.3 Behaviour 
The species usually live in monogamous pairs throughout their life. The Hfe 
span of red fox lies between 6 and 9 years. It is principally a nocturnal species 
that remain active at dusk and dawn. It is a generalist and opportunistic 
omnivore (Aryal et al. 2010). It take a wide range of food ranging from 
vertebrate to invertebrate prey. Reptile, carrion, plant material such as fruits, 
seeds and human refuse (Golightly etal. 1994, Jankowiak etal. 2008, Carvalho 
and Gomes 2001, Aryal et al. 2010). As a predator they typically kill birds 
(Golightly et al. 1994) and ground dwelling and semi arboreal mammals to 
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about 3.5 kg (Macdonald and Reynolds 2004). They also scavenge in rural and 
urban areas (Lanszki et ah 2006). 
1.3.4 Conservation status 
The population of Red fox is stable due to its high adaptability, resilient 
nature and diverse diet. It is listed as least concern species in Red Data List of 
threatened species (lUCN 2013), and categorised as Schedule II species in 
WildLife Protection Act-1972 (Anon 2008). However, Red fox is not listed in 
CITIES. 
1.4 Tibetan Wolf [Canis lupus chanco) 
Order: Carnivora, Suborder: Canoidea, Family: Canidae, Subfamily: Caninae, 
Genus: Canis, Species: lupus 
1.4.1 Distribution 
Historically grey wolf [Canis lupus) was the most widely distributed mammal 
in the world with 13 subspecies (Jhala and Sharam 2009). However, currently 
it is restricted to wilderness and remote areas of Canada, Alaska and northern 
USA, Europe, and Asia from about 75°N to 12°N latitude (Mech and Boitani 
2004). In India, Tibetan wolf [Canis lupus chanco) occurs in three states i.e. 
Jammu and Kashmir, Himachal Pradesh and Uttrakhand (Habib et al. 2013). 
1.4.2 Field characters 
The wolf is one of the largest wild canid (up to 62 kg) with 75-80 cm high at 
shoulder and 95-140 cm long in length. The sexes look alike and weighs 
between 25-35 kg, however males are taller and heavier than females. Fur can 
vary from light or darker sandy brown, to grey brown, dark grey or black 
with various intermediate shades. The thickness of the fur varies with the 
season. 
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1.4.3 Behaviour 
Grey wolves are pack-living animals, with most packs comprising family 
groups of 2-6 individuals. The life span of wolf is about 13 years in wild 
(Mech 1988). Wolves are opportunistic predators that prey upon abundant 
and vulnerable prey. Wolf feed upon variety of prey from wild and domestic 
ungulates to lagomorphs, rodents, birds and insects (Valdman et al. 1998, 
Sharma et al. 2006, Kubarsepp and Valdmann 2003, Nowak et al. 2005). 
1.4.4 Conservation status 
The population of grey wolf greatly reduced to one third throughout its 
distribution range due to poisoning and deliberate persecution as they are 
involve in depredation on livestock. The species is categorised as threatened 
in Red List of Threatened species (lUCN 2013). It is also listed under 
Appendix I of CITIES and Schedule I of Wildlife Protection Act (Anon 2008). 
^ l a r 
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2. Literature Review 
The basic prerequisite for efficient management is knowledge of food habits 
of wild and domestic mammals (Smith and Shandruk 1979, Holechek et at. 
1982, Shrestha and Wegge 2006). The various procedures used to evaluate the 
composition of animal's diet includes direct observation of the animal, 
utilization techniques, stomach analysis, fistula technique, gut content 
analysis, kill examination and faecal analysis (Holechek et ah 1982, Johnsingh, 
1983, Cavallini and Volpi 1996, Basuony et al. 2005, Ogara et al. 2010). 
Faecal analysis had several advantages which accounts for its popularity as a 
research tool which was reviewed by Holechek et al. (1982). Faecal analysis 
has received greater use for evaluating food habits mammals i.e. herbivores 
(Anthony and Smith 1974, Harris and Miller 1995, Shrestha et al. 2005, 
Shreshta and wegge 2006, Wingard et al. 2011) and carnivores (Ackerman et al. 
1984, Breuer 2005, Azevedo et al. 2006, Foster et al. 2009, Ramesh et al. 2009, 
Wiebe et al. 2009, Devkota 2013). 
The histological approach to food habits utilizing fragments in faeces was first 
introduced by Baumgartner and Martin (1939) to determine the food habits of 
squirrel. With the advancement of faecal analysis by Dusi (1949), it was used 
in various studies to determine the feeding habits of herbivores worldwide. 
For instance, food habit of white tailed deer was studied by Chamrad and Box 
(1968). Diet of Mule Deer was determined by Gill et al. (1983). In Spain, a 
comparison of diet of four sympatric species i.e Wild Goat Capra pycnaica, 
Domestic Goat Capra hircus, Mouflon Ovis musimon and Domestic Sheep Ovis 
aries inhabiting in sierra de Cazorla, was conducted by Garcia-Gonzalez and 
Cuartas (1989). In the same year, Gordon and Illius (1989) described the 
resource partitioning between red deer, cattle, goat and ponies on the Isle of 
Rhum, Scotland. Harris and Miller (1995) investigated the overlap in the 
summer habitats affinities and pattern of dietary overlap during summer 
among seven wild ungulates viz. Tibetan gazelle Procapra pidicaudata, Tibetan 
^}St 
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antelope Pantholops hodgsoni, Tibetan wild ass Equus kiang, white lipped deer 
Cervus albirostris, wild yak Poephagus mutus, blue sheep Pseudois nayaur and 
Argali Ovis ammon inhabiting alpine grasslands in Yeniugou, Qinghai 
Province of China. The selection of summer forage by three sympatric 
ungulates species i.e Tibetan Argali Ovis ammon hodgsoni, Naur Pseudois 
nayaur and Domestic goat Capra hircus was studies in Nepal to assess the 
extent of food overlap between them (Shrestha et al. 2005). Later Shrestha and 
Wegge (2008) compares the seasonal diets and habitat use of sympatric wild 
Naur Pseudois nayaur and domestic goat Capra hircus, sheep Ovis aries and 
free-ranging yak Bos grunniens in north Nepal. Food habits of blue sheep, 
Pseudois nayaur were studied in the Helan Mountains of China to understand 
diet composition, seasonal variation, and feeding habitat preference (Liu et al. 
2007). Wingard et al. (2011) presented the dietry profile of ArgaU while 
studying the food habits of Argali along with its overlap with domestic 
livestocks in Ikh Nart Nature Reserve. 
In India, some studies had been conducted to assess the feeding habits of 
Himalayan ungulates too. Green et al. (1987) estimated the composition and 
quality of diet of Himalayan Musk deer. His results indicated Musk Deer 
Moschus chrysogaster to be a concentrated feeder. Moreover, ecological 
saperation between Himalayan ungulates i.e Musk deer, Sambhar Cervus 
unicolor, Serow Capricornis sumatraensis and Goral Nemorhaedus goral was 
determined by Green (1987). Later, Ilyas & Khan (2004) investigated the food 
habits of Barking Deer Muntiacus muntjak and Goral Nemorhaedus goral during 
pre and post monsoon season in Kumaon Himalayas. Namgail (2010) 
presented a view of feeding habits of Ladakh urial while studying ecological 
separation of Ladakh urial Ovis vegnei and blue sheep Pseudois nayaur in 
Indian Trans-Himalaya. 
Food habits of carnivore mammals were also studied using the faecal analysis 
(Ramesh et al. 2007, Andheria et al. 2007, Ogara 2010). Dietary spectrum of 
wolves had been explored extensively round the world by using various 
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available methods i.e. stomach content analysis, scats analysis or direct 
sighting. 
Using scat analysis, a number of studies on food habits of wolves were carried 
out in later part of 20"^  century. For instance, Salvador and Avad (1987) 
studied the food habits of wolf population in Leon province of Spain. In Italy, 
Meriggi et al. (1996) assessed the feeding habits of wolves in relation to large 
prey availability. Valdman et al. (1998) studied the diet and prey selectivity of 
wolf in middle and south-eastern Estonia. Jedrzejewski et al. (2000) 
determined the prey selection in Bialowieza Primeval Forest, Poland. 
In the 21s' century, Kubarsepp and Valdmann (2003) reported the winter diet 
and movement pattern of wolf in Alam-Pedja Nature Reserve of Estonia. 
Chavez and Gese (2005) studied the Food Habits of wolves in relation to 
livestock depredation in north-western Minnesota. Sabrina (2006) determined 
the Diet composition of wolves by scat analysis in Scandinavian Peninsula. In 
Canada, Diet of wolves along with forgaing behaviour was examined by 
Wiebe et al. (2009) in the Queen Maud Gulf Bird Sanctuary. Food habits of 
Indian wolf Canis lupus pallipes was also studied in Deccan Plateaue of 
Maharastra (Maurya et al. 2011). 
Some studies evaluated the food and feeding spectrum of wolf through 
stomach and intestine analysis of the dead animals or animal those have been 
shot. For example, the winter diet of wolves was estimated in Bieszczady 
mountains by Lesniewicz and Perzanowski (1989). Pezzo et al. (2003) 
determined the feeding spectrum of wolf on the basis of stomach and 
intestine analysis. Zunna et al. (2009) analysed the food habits of the wolf in 
Latvia. Spinkyte-Backaitiene and Petelis (2012) evaluated diet composition of 
wolves in Lithuania Few studies reported the feeding habits of wolf through 
direct sighting of the radio-collared wolf (Carbyn 1983, Kunkel et al. 1999). 
Depredation on livestock also provides a view of feeding spectrum of wolves. 
Depredation of livestock by wolves had been reported round the world and a 
11 
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voluminous literature exists on extent of livestock depredation by wolves. For 
an instance, wolf and dog depredation on livestock was investigated by 
Ciucci and Boitani (1998) in central Italy. Kaczensky (1999) determined the 
depredation of livestock by wolves along with bear Ursus arctos and Lynx 
Lynx lynx in Europe. Treves et al. (2002) documented the wolf depredation on 
domestic animal in Wisconsin. Michael (2004) worked upon the depredation 
of livestock by wolves. Chavez (2005) conducted a study to examine the food 
habits of wolves in an agricultural area of north-western Minnesota and their 
relation to depredation records of livestock losses in the same area. Namgail 
et al. (2007) provided a view on the food habits of wolf while studying the 
mortality of livestock due to carnivore of Trans-Himalaya. Sharma et at. (2006) 
reported wolf as the major predator of livestock in Trans-Himalayan 
landscape of India. Muhly and Musiani (2009) reported the wolf depredation 
in North-western U.S. Maheshwari et al. (2010) studied carnivore-human 
conflict in Kargil and Drass area of Ladakh. 
Apart from wolf, food habits of Red fox Vulpes vulpes was also subjected to 
detailed studies either by scat analysis (Doncaster et al. 1990, Serafini and 
Lovari 1993, Borkowski 1994, Golightly 1994, Carvalho and Gomes 2001, 
Baltrunaite 2002, Jankowiak 2008, Aryal et al. 2010, Pakalniske 2012) or by 
stomach/intestine analysis (Korschgen 1959, Papageorgiou et al. 1988, 
Cavallini and Volpi 1996, Basuony et al. 2005, Azevedo et al. 2006). 
Earlier studies on food habits revealed that the diet composition of red fox 
includes small mammals, scavenged large mammals, rabbit, birds, 
earthworms, reptiles, amphibian, insects and wild /cultivated fruits. 
However, the diet of fox may vary depending on the habitat where it lives 
(Labhardt 1990) or several seasonal factors (Lindstrom 1982). For instance, 
Papageorgiou et al. (1988), Hockman and Chapman (1983) reported the 
maximum share of small mammals particularly rodents in diet of red fox in 
Greece and Maryland respectively. Other studies in different region of the 
world i.e. Carlvaho and Gomes (2001) in Peneda-Geres National Park, 
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Baltrunaite (2002) in Lithuania, Aryal et al. (2010) Dhorpatan Hunting Reserve 
of Nepal, Jankowiak (2008) in Poland, Pakalniske (2012) in Latvia, Azevedo et 
al. (2006) in Canada too revealed dominancy of small mammals in the diet of 
red fox. 
Serafini and Lovari (1993) and Cavalini and Volpi (1996) addressed the 
dominancy of plants material like wild/cultivated fruits, seeds and other 
plants material in central Italy. However, Doncaster et al. (1990), Hewson and 
Kolb (1976) reported the maximum share of scavenging item in oxford, 
England. Hoelgaard (2008) reported the dominancy of birds in a Danish 
polder, Tondermarsken. 
13 
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3. Rationale 
Mammals were first evolved during Triassic period of Mesozoic era 
(Eisenberg 1981). The mammals are the vertebrates that have become most 
fully suited for life on land after humans. The success of mammals in 
maintaining life in strange environment is likely due to power they possess of 
keeping their own composition constant. Mammals are crucial in maintaining 
the functions and services provided by ecosystem. They play various 
significant roles within the ecosystem in which they live i.e. grazer, predator, 
pollinator and seed dispersers (Boyles et al. 2011, Roemer et al. 2009). 
Moreover, they are used as a source of food for many cultures and are utilized 
in recreation and improving livelihoods around the world. Furthermore, they 
help human beings indirectly by maintaining balance ecosystem (lUCN 2014). 
Considering the services provided by mammals to humans directly or 
indirectly, they were studied in detail and voluminous literature existed on 
various aspect of ecology i.e. on evolution, status and distribution. Behaviour, 
conflict, management round the world (Schaller 1967, Eisenberg 1981, 
Gittleman 1989, Sillero-Zubiri et. al 2004, Prater 2005, Durand et al. 2007, 
Rubenstein and Rubenstein 2013). An important aspect of ecology i.e. feeding 
ecology proved to be valuable in diverse areas of mammalian ecology viz. 
understanding animal ecology, conservation and management (Shrestha and 
Wegge 2006, Korschgen 1980), addressing the issue of livestock-wildlife 
conflict (Bagchi et al. 2004), survival (Melville 2004), understanding 
behavioural ecology (Mills 1992). Moreover, the acquirement of food is a 
fundamental component for every predator's daily existence; hence 
knowledge of food selection is critical to understand life history strategies and 
developing sound conservation recommendation (Miquelle et al. 1996). 
Owing to the importance of food habits in diverse array of mammalian 
ecology, feeding ecology of large number of mammals had been studied all 
over the world. For example Pinnipeds- seals and sea lions (Spalding 1964), 
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Canids - wolves. Jackal, dogs, cyotes and foxes (HoUe 1978, Cavallina and 
Volpi 1996, Owens and Owens 1978, Ogara et al. 2010, Migli et al. 2005, 
Borkowski et al. 2011) Ursids-bears (Hewitt et al. 1996), Felids - cats (Henschel 
2005, Foster et al. 2009, Ogara et al. 2010, Anwar et al. 2011) Viverrids - civets 
and genets (Karvalho and Gomes 2001), Mustelids - otter and badgers 
(Pardini 1998), Bovids - Oxen, Sheep and goat (Mirza 1980, Gonzelez and 
Cuartas 1989, Liu et al. 2007, wingard et al. 2011) Cervids - deers (Gayot et al. 
2004,Weggeefa/. 2006). 
In India too, food habits studies had progressively been carried out for 
mammalian species like Tiger Panther a tigris (Biswas and Sankar 2002, Bagchi 
et al. 2003, Karanth and Sunquist 1995, Sankar and Johnsingh 2002, Andheria 
et al. 2007, Ramesh et al. 2009), Leopard Panthera pardus (Karanth and Sunquist 
1995, Sankar and Johnsingh 2002, Ramesh et al. 2009, Arivazhagan et al. 2007, 
Andheria et al. 2007, Ahmed and Khan 2008), Snow leopard Uncia uncia 
(Chundawat and Rawat 1994, Sharma et al. 2006) and Dhole Cuon alpinus 
(Cohen et al. 1975, Venkataramam et al. 1995, Karanth and Sunquist 1995, 
Andheria et al. 2007), Indian wolves Canis lupus palUpes (Jethava and Jhala 
2004, Maurya et al. 2011), Hyena Hyena hyena (Arivazhagan et al. 2007, 
Chourasia et al. 2012), Golden jackal Canis aureus (Majumder et al. 2011, 
Chourasia et al. 2012), Indian fox Vulpes bengalensis (Home and Jhala 2009), 
Elephant Elaphas maximus (Baskaran et al. 2010), Gaur Bos gaurus gaurus (Gad 
and Shyama 2009, Sankar et al. 2013), Musk deer Moschus chrysogaster (Green 
1987), Nilgai Boselaphus tragocamelus, Sambhar Cervus unicolor Chital Axis axis 
(Bagchi et al. 2003, Johnsingh and Sankar 1991) and Barking deer Muntiacus 
muntjak and Goral Naemorhedus goral (Ilyas and Khan 2004). 
However, very few studies focussed upon food habits of mammals in Ladakh 
due to remoteness of the area. Studies on food habits largely concentrated 
upon snow leopard (Chundawat and Rawat 1994, Sharma et al. 2006), Ladakh 
urial and Blue Sheep (Namgail et al. 2010). Few studies which were 
undertaken to collected information on livestock depredation provided a 
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view of food habits of Tibetan wolf (Namgail 2007, Bhatnagar et al. 2009, 
Maheshwari 2010). No study till date concentrated upon the feeding ecology 
of mammals like Tibetan wolf. Red fox, Asiatic ibex and Ladakh urial. Hence, 
present study is an attempt to collect information on feeding spectrum of 
mammals of Kargil, Ladakh with following specific objectives 
4. Objectives of the study 
> To assess the dietary composition of Ladakh urial and Asiatic Ibex. 
> To study diet composition of Red fox and Tibetan wolf. 
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Chapter 2 
STUDY AREA 
Kargil-'Tand of Agas" was known by the name "Purig" in ancient time. It was 
one of the districts of Ladakh Wazarat/Province before the partition of 
Ladakh in 1947. During the year 1979, it was declared as a separate district in 
Ladakh with 127 villages and 2 uninhabited villages. Administratively, Kargil 
is divided into 7 blocks viz. Kargil, Drass, Sankoo, Taisuru, Shargole, Shakar-
Chiktan and Zanskar. 
2.1 Location 
The current study was conducted in Kargil district of Ladakh located between 
34" 15' to 34" 47' N and 57 "45' to 76" 30' E. It is surrounded by Baramullah, 
Srinagar and Doda districts in the south-west, Leh district in the east, 
Himachal Pradesh in the south and Pakistan in the north-west. Kargil 
covering an area 14,086 sq. km. is situated at an altitude ranging between 2676 
and 3251 meters above mean sea level. 
2.2 Climate 
Lying in the rain shadow area of the Himalayas, the climate of Kargil is a 
combination of arctic and desert type. The district experiences severe cold 
during winter (December-February) when the temperature drops down to -
45" at night. Summer season (June-August) is dry and a little hot with frigid 
nights. Precipitation is generally in the form of snow ranging between 2 and 5 
feet annually. Rainfall is virtually negligible with only 26 cm annually. 
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2.3 Soil 
The soil of the district is sandy to loamy in nature and deficient in organic 
matter. The soil is mixed with stones and gravel with low content of 
phosphorous and potash. 
2.4 Flora 
The flora of the Kargil is represented mostly by herbs and shrubs and few 
planted trees. Tree species such as Salix spp. and Populus spp. are confined to 
villages, along the river and man-made forest patches. Wild flora reported 
from various regions of Kargil has been found useful for various purposes 
viz. medicine, as food, fodder, fuel and ornaments. For example, Colchicum 
luteum, Ephedra intermedia, Thymus serpyllum, Aconitum heterophyllum are 
useful in the treatment of gout, asthma and gastro-intestinal problems and 
aphrodisiac intestinal complaints respectively. Moreover, Podophyllum 
hexandrum contains anti cancerous properties (Chaurasia and Singh 1998). 
Plants like Ferula jaeschkeana, Prangos pabularia, Arabis tibetica, Capsella 
thomsonii, Lepidium ruderale and Rheum webbianum are edible plants. The 
fodder plants of Kargil are represented by Aconogoum tortuosum, Astragalus 
zanskarensis, Ferula jaeschkeana and Prangos pabularia (Cahurasia and Singh 
1998). 
Due to the high use of plants for various purposes like medicine, fodder, food, 
and ornament some of the plants have become rare and endangered in the 
region. Chaurasia and Singh (1998) reported the rare occurrence of Colchicum 
luteum, Euphrasia ojficinalis, Inula falconeri, Lancea tibetic, Morina longifolia, 
Nepeta longibracteata. Thymus serpyllum, Aconitum hererophullum, Bergenia 
strachey, Rosularia alpestris in Suru and Zanskar valleys. However, Epilobium 
latifolium, senecio chrysanthemoides. Astragalus zanskarensis, Lotus corniculatus, 
Chaerophyllum villosa, Pedcularis bicomuta, Meconopsis aculeate, Rosularia 
alpestris. Anemone rupicola. Lychnis nutans, Aconitum hererophyllum, 
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Podophyllum hexandraum, Aconogonum tortuosum, Ranunculus lobatus, Tulipa 
stellata, Verbascum thapsus, Prangos pabularia, Ferula jaeschkeana, Juniperus 
macropoda, Hyoscyanus niger, Codonopsis dematidea, Lancea tibetica, Aaquilegia 
fragrans, Phusalis alkekengi are common species in Kargil. 
2.5 Fauna 
The avifaunal diversity of Kargil region is relatively unexplored. However, 
few studies reported the occurrences of avifaunal species in different parts of 
Kargil i.e. Holmes (1986) reported 128 species from Suru valley, Ahmed (2011) 
shows the presence of 69 species in Rangdum valley, Hussain (2012) reported 
56 species from Chiktan valley and Raza (2013) reported the presence of 53 
species of avifauna in upper Sindh valley. 
The information on total mammals is still lacking. However carnivores group 
is represented by five species i.e. Snow leopard {Uncia uncia) as apex predator. 
Brown bear {Ursus ardos), Tibetan wolves {Canis lupus Chanco), Red fox 
{Vulpes vulpes) and Stoat {Mustek ermine) (Maheshwari et al. 2010, Raza 2013) 
The region had a low diversity of herbivores comparatively. Only goat species 
like Asiatic Ibex [Capra ibex) and Ladakh urial {Ovis vegnei) are the major 
herbivore present in the region. The region also support large number of 
small mammals like Long tailed Marmot {Marmota caudata), Mountain Weasel 
{Mustek, altaica), Silvery mountain vole {AUicola argentatus), Stoliczka's 
Mountain Vole {Alticok stoliczkanus). The region is also domicile to Royle's 
Pika {Ochotona roylei) and Plateau Pika {Ochotona curzoniae) (Hussain 2012, 
Raza 2013). 
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Figure 2.1 Outline map of Kargil district. 
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Chapter 3 
FOOD HABITS OF ASIATIC IBEX AND LADAKH URIAL 
3.1 Introduction 
The wild ungulates community in Ladakh is represented by eight species 
including Asiatic ibex Capra ibex and Ladakh urial Ovis vignei (Namgail 2009). 
Both the aforementioned species belong to family Bovidae and sub family 
Caprinae. The Asiatic ibex is a large stocky mountain goat whereas Ladakh 
urial is a small wild sheep. Both species had a very peculiar distribution in 
Ladakh. Asiatic ibex is distributed sparsely in western parts of Ladakh (Fox et 
at. 1991) while Ladakh urial generally occurs in the mountains of the Ladakh 
range, along the river Indus and along the reaches of the Shyok River (Mallon 
1983, Fox et al. 1991, Raghavan and Bhatnagar 2003). 
The population of both the species have suffered in the past due to poaching 
and habitat loss (Raghavan and Bhatnagar 2003, Namgail 2009). It was 
estimated that there were about 6,000 individuals of Asiatic ibex in whole of 
Ladakh. The estimated population of Ladakh urial is 2,000 individuals 
(Namgail 2009). 
The ecology of both the species is poorly understood compared with other 
Indian bovids. Only few aspect of ecology of Asiatic ibex i.e. status, 
distribution, competitive exclusion have been studied in Ladakh (Mishra et al. 
2002, Namgail 2009). Similarly not much is known about the ecology of 
Ladakh urial except status (Raghwan and Bhatnagar 2003, Namgail 2009) and 
distribution pattern (Namgail et al 2010). 
Information on food habits of both the species is virtually lacking. However, 
Bhatnagar (2002) categorized both the species as intermediate foragers 
consuming grasses, forbs, leaves and shoots of shrubs. Other mentioned 
Ladakh urial to be a non graminoid feeder (Namgail et al. 2010). In the 
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absence of any scientific study pertaining to food and feeding habits of the 
species, it is expected that present chapter will contribute to enhance that our 
knowledge on the subject and would serve as a baseline data for future long 
term study. 
3.2. Methodology 
3.2.1 Data collection 
Pallets were collected wherever encounter within study area while walking 
along the trails and roads between May and July 2013. A total 7 pallet groups 
of Asiatic ibex and 8 pallet group of Ladakh urial were found in the study 
area. The pallets of both the species were differentiated from each other and 
from the livestock by consulting the local herders and by collecting the fresh 
pallets of the species at the time of defecation and used that as references 
pallet to compare the rest pellets. All potential food plants that were 
suspected to form the diet of Asiatic ibex and Ladakh urial were also collected 
from the study area to prepare plant reference material. 
3.2.2 Reference material preparation 
Two different principles existed for preparing reference material to study 
microhistological character of reference plants material. The reference 
material could either (1) simulate the small and torn appearance of fragments 
found in samples following ingestion and digestion (Ellis et al. 1998), or (2) 
show as many identification features as possible (Johnson et al. 1983). For diet 
analysis, reference material must contain all visible micro characters of plants; 
hence, second principle was used. The reference slides of all collected plants 
materials were prepared following Satakopan (1972) and Ilyas and Khan 
(2004). 
A few bits of leaves were taken from each sample as stem and vascular tissue 
are much harder to identify (Green 1987). They were shredded coarsely and 
placed in a test tube. Nitric acid along with distilled water was added in the 
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ratio 1: 3 to the material in the test tube. The tube containing the sample plant 
material was heated and maintained on a low flame for about 5 to 10 minutes. 
The heating was continued till the material became transparent. The duration 
of the boiling depends on the hardness of the plant material, hard plants 
required more time to digest while the soft and young plants take less time. 
The test tube was allowed to cool; the liquid was drained off and was washed 
repeatedly in distilled water. All the transparent material was poured in a 
petri dish. Then a piece of transparent plant material was taken and 
dehydrated by passing it through various grades of Absolute alcohol and 
distilled water mixture (absolute alcohol: distilled water; 1:3, 1:1, 3:1) and 
finally in the pure absolute alcohol. After dehydrating, the transparent plant 
material was treated with safranine stain solution and then again washed 
with absolute alcohol to remove excess colour. Further this plant specimen 
was put on the slide and was left for few seconds till it was dried properly. 
Finally the mounting was done using Canada balsam. After mounting the 
slides were put under the microscope and all the diagnostic features were 
recorded by photomicrography. 
3.2.3 Pallet group analysis 
The pallet groups were analyzed microhistologically following Ilyas and 
Khan (2004). First, each sample pallets were grinded completely in coarse 
powder form. The powder sample was passed through two successive sieves 
(ASTN No. 30 and 60) by placing sieves one above the other (ASTN No. 30 
above No. 60). The particles on the top of sieve No. 30 as well as powder at 
the bottom which passed both the sieve (No. 30 and No. 60) were discarded. 
The fraction of the sample left on the top of the sieve No. 60 was selected for 
randomization. The powder sample was spread over a drawing sheet, halved 
and then quartered. Two opposite quarters were selected and mixed for 
further randomization process. The randomization process was repeated 
three times for each sample. Lastly, two opposite quarters of the third 
randomization were selected as the final sample. 
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The final sample was transferred in a test tube and treated with cone. HNO3 
and distilled water in the ratio of 1:3. The sample was boiled for 4 to 5 
minutes over a water bath. Then the sample was allowed to cool and 
supernatant was drained off. The sample was boiled again by adding same 
ratio of cone. HNO3 and distilled water. The process was repeated till the 
sample become fairly clear. It was then allowed to cool, after which distilled 
water was added, shaken thoroughly and allowed to settle. The washing was 
repeated till the nitric acid was washed off completely. This sample was used 
for preparing slides for further analysis. A total of 20 slides of each pallet 
sample were prepared. All the slides of each species were scanned under the 
Magnus microscope (40X and lOOX). On each slide, five random field of views 
were taken thereby generating 100 field of view for each pallet sample. 
3.3 Data Analysis 
3.3.1 Diagnostic features of plants 
All the plants collected from the study area were identified to species using 
published books and booklets (Polunin and Stainton 1997, Chaurasia et al. 
2008). 
Since the objectives was to evaluate the feeding spectrum, only upon broad 
anatomical features of leaf i.e. stomata, trichomes and epidermal cells were 
studied. 
Stomata were classified into following four broad categories following 
Prabhakar (2004) 
a) Pericytic stomata: stoma surrounded by only single distinct or 
indistinct cell. The subsidiary may me variously oriented to the guard 
cell and may be monocyclic, di, tri, to polycyclic. 
b) Paracytic stomata: stoma (Pair of guard cells) accompanied on ether 
sides by one or more subsidiary cells (Cells Distinct from other 
epidermal cells) parallel to the long axis of the pore and guard cells. 
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c) Diacytic stomata: a stoma completely surrounding by only two distinct 
or indistinct subsidiaries equal or unequal, transverse or obliquely 
oriented to the guard cell but the conjoint wall of the abutting 
subsidiaries are lateral to the guard cells. The subsidiaries may be 
monocyclic to polycyclic. 
d) Anisocytic stomata: A stoma completely surrounded by only three 
subsidiaries, variable in position and shape but one of the subsidiary is 
distinctly small. 
e) Isotricytic stomata: : A stoma completely surrounded by only three 
subsidiaries, variable in position and shape but the three subsidiaries 
are more or less of equal size. 
f) Anomocytic stomata: Stoma surrounded by four or more subsidiaries, 
variable in position, shape and size. 
The shape and number of cells making up a trichome is the best starting point 
for identifying a dicot species (Johnson et al. 1983b). Following types of 
trichomes were observed 
a) Ligulate 
b) Branched 
c) Compound 
Epidermal cells are highly useful for plant fragment identification. Notable 
features include wall structure, relative size and relative thickness. The 
different shapes of epidermal cells were rectangular, square, angular and 
lobed. 
Cell wall of epidermal cells were categorized in following four types 
a) Liner 
b) Sinous 
c) Sinous anticlinal (Jigsawed) 
d) Wavy. 
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3.3.2 Diet composition 
The relative frequency of an identified plant species in the faeces was 
calculated and expressed as the relative importance value (RIV) following 
Shrestha et al. (2005) which was calculated using the following formula. 
Total number of fragments identified for a food species 
total number of all fragments 
3.3.3 Diet overlap 
Diet overlap between the two species was calculated using the Morisita index 
of overlap (Horn 1996) using the following formula. 
2Si=iXiyi 
C = 
Where, 
s = total number of food species or taxon/forage categories in the diets. 
X, - proportion of i"' plant species in the total diets of ungulate species X. 
I/, = proportion of i"' plant species in the total diets of ungulate species Y. 
3.3.4 Statistics 
Chi-square test was performed to test the proportion of forage category i.e. 
dicot were similar for both the species. 
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3.4 Results 
3.4.1 Morphological and Microhistological characters of plants 
Following is the description of morphological and microhistological 
characters of plants collected from the study area. 
1. Taraxacum officinale 
Morphological characters 
Leaves commonly sparsely hairy on midrib on lower surface, otherwise 
generally glabrous, or sometimes completely so, oblanceolate, somewhat 
runcinate-pinnatifid or lobed (terminal lobe tending to be larger than others), 
tapering to a narrow, scarcely or obscurely winged petiolar base, but leaves 
varying to deeply cleft and with a small terminal segment. Scapes glabrous or 
somewhat villous, especially upward. Inner involucral bracts mostly 13-20, 
usually not or scarcely corniculate, at first erect, finally reflexed, mature 
achenes and pappus then forming a conspicuous ball. Outer bracts reflexed, 
slightly shorter and scarcely wider than inner. Acenes pale-brown, muricate 
apically or sometimes to near base, beak 2.5-4 times as long as body. 
Microhistological characters 
Cells were not clearly visible. Very thin ribbon like trichomes distributed 
densely all over the surface of the leaf. Stomata were of paracytic type (Plate 
3.1). 
2. Ranunculus brotherusii 
Morphological character 
Herbs perennial. Roots fibrous, slightly thickened at apex. Stems appressed 
puberulent, simple or 1- or 2-branched. Basal leaves 5—15; petiole appressed 
puberulent, glabrescent; blade 3-partite or 3-sect, orbicular-ovate or 
pentagonal, occasionally suborbicular and then broadly 3-lobed, papery, 
appressed puberulent, base cordate-truncate or subtruncate, central segment 
cuneate, 3-lobed or 3-dentate at apex or oblong and entire; lateral segments 
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obliquely flabellate, usually unequally 2-partite. Stem leaves 2-4, lower ones 
similar to basal leaves, upper ones sessile, palmatisect, segments linear. 
Flowers solitary, terminal. Receptacle glabrous, rarely with a iew hairs. Sepals 
5, ovate, abaxially appressed whitish pubescent. Petals 5, obovate or elliptic-
obovate, nectary pit without a scale, apex rounded. Stamens numerous; 
anthers oblong. Aggregate fruit ovoid, rarely subglobose. Achene slightly 
bilaterally compressed, obliquely obovoid, glabrous; style persistent. 
Microhistological character 
Epidermal cells were angular with linear cell walls. Medium sized wavy 
trichomes with pointed tip and one celled base. Anomocytic stomata were 
distributed densely all over the surface of the leaf (Plate 3.2). 
3. Cynoglossum glochidiatum 
Microhistological characters 
Biennial herbs, hispid or hirsute in lower parts. Basal leaves petiolate, 
obovate, nervose on the lower surface. Lower cauline leaves generally longer 
and with shorter petioles, upper leaves gradually reduced in size. 
Inflorescence at anthesis short scorpioid, elongating in fruit. Pedicels reflexed 
in fruit. Calyx lobes oblong, slightly enlarged and spreading in fruit. Corolla 
blue to bluish-white. Throat scales often bifid, puberulous. Filaments short, 
inserted at the middle of the corolla tube. Nutlets round to ovate, with 
sparse to dense erect appendages, sunk or less so, keeled; keel prominent or 
not; appendages at the margin with bases confluent to form a broad or 
narrow rim. 
Microhistological characters 
Angular epidermal cells with linear cell walls. Trichomes were of medium 
sized with broad base and blunt tip. Stomata were of anomocytic type (Plate 
3.3) 
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4. Verbascum thapsus 
3.4.1.4.1 Morphological characters 
Biennials densely covered with grayish yellow stellate hairs. Basal and lower 
stem leaves petiolate; leaf blade oblanceolate-oblong, margin crenate. Upper 
stem leaves gradually decreasing in size upward, sessile, oblong to ovate-
oblong, base decurrent into wings. Spicate panicle cylindric. Flowers usually 
few fascicled. Pedicel short. Calyx lobes lanceolate. Corolla yellow. Stamens 5; 
filaments of anterior 2 stamens glabrous and of posterior 3 pubescent; anther 
lobes divergent at base. Capsule ovoid, as long as persistent calyx. 
Microhistological characters 
Epidermal cell were lobed with wavy cell walls. Compound trichomes were 
present. Trichomes were multibranched with the main strand much broader 
than the subsidiary branches. Stomata were of anomocytic type (Plate 3.4). 
5. Selinum tenuifolium 
3.4.1.5.1 Morphological characters 
Stout herbs with thick and cylindrical tap roots. Stem erect, ribbed, scarcely 
angled, branched above. Basal petioles wholly sheathing; sheaths inflated, 
purplish; blade broadly ovate, 3-pinnate; pinnae 4-5 pairs; ultimate segments 
linear. Bracts 4-8, linear, caducous; rays 10-35, subequal, elongating in fruit; 
bracteoles 5-12, lanceolate, unequal, longer than umbellules, ascendant, entire 
or apex 2-3-lobed, margins white membranous; umbellules 20-25-flowered. 
Calyx teeth Hnear-lanceolate, longer than stylopodium. Petals white or 
pinkish, purplish-red when in bud. Fruit oblong-ovoid; dorsal ribs slightly 
thickened, lateral ribs winged; vittae 1 in dorsal furrows, 1-3 in lateral 
furrows, 4-6 on commissure. 
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Microhistological characters 
Lobed epidermal cells with linear cell walls were present. Trichomes were of 
ligulate type. Trichomes were medium sized straight sword like with pointed 
tip and broad at the base. Paracytic type of stomata (Plate 3.5) 
6. Rheum spiciforme 
Morphological characters 
Perennial, stemless herb with thick rhizome. Leaves all radical, long petioled, 
very hard, usually glabrous; ochreae nearly equalling the petiole, brownish; 
blade very leathery, orbicular, broadly ovate or cordate, nerves prominently 
radiating, red-brown; glabrous or slightly stellate hairy below. Inflorescence 
pedunculate, glabrous, spicate raceme. Flowers small; bracteate, bract minute, 
ovate, scarious. Perianth segments small, entire, obtuse, yellowish or 
somewhat reddish. Fruit broadly ellipsoid or oblong, rounded at the apex; 
wings membranous, broader than the disk. 
Microhistological characters 
Epidermal cell were angular with linear cell walls. Trichomes were 
absent.Stomata were of Isotricytic type (Plate 3.6). 
7. Marruhium vulgare 
Morphological characters 
Stems branched or unbranched, base woody, densely appressed lanate-
villous. Leaves reduced upward; leaf blade ovate to circular, adaxially 
polished, corrugate, and sparsely villous, abaxially densely scabrid strigose-
villous, base broadly cuneate to rounded, margin dentate-serrate, apex obtuse 
to subrounded. Verticillasters axillary, many flowered, widely spaced basally, 
crowded upward, globose. Bracts subulate, as long as to longer than calyx 
tube, reflexed. Calyx 10-veined; teeth 10, main 5 long, alternate with to 5 
accessory teeth, subulate, hooked. Corolla white, densely pubescent outside, 
pilose annulate inside; upper lip as long as or slightly shorter than lower lip. 
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straight or spreading, 2-lobed; middle lobe of lower lip reniform, undulate, 2-
cleft. Nutlets triquetrous, ovoid, warty. 
Microhistologica charcters 
Angular epidermal cell with linear cell walls. The epidermal cells were 
pentagonal to hexagonal in shape. Small to medium sized, unicellular to 
segmented trichomes were present. Each trichome had a pointed tip and 
broad base. Anomocytic type of stomata was present which were very 
sparsely distributed (Plate 3.7). 
8. Dactylorhiza hatagirea 
Morphological characters 
Plants slender to robust. Tubers palmately 3-5-lobed. Stem erect, stout, hollow 
in robust plants. Leaves erect or spreading, clustered and subopposite near 
base of stem, widely spaced and alternate above, green, not spotted, oblong to 
linear-lanceolate, apex obtuse or acuminate. Rachis subdensely or densely 
several to many flowered; floral bracts lanceolate, reducing in size towarda 
the apex, apex acuminate. Flowers not secund, lilac to purphsh rose, medium-
sized. Sepals and petals lilac or purplish rose; dorsal sepal erect, ovate-oblong, 
concave, 3-veined, apex obtuse; lateral sepals ovate-lanceolate to ovate-
oblong, oblique, 3-5-veined, apex obtuse. Petals erect, forming a hood with 
dorsal sepal, ovate-lanceolate, slightly oblique, 2 to 3-veined, apex obtuse; lip 
ovate to suborbicular, usually slightly broader than long, base spurred, 
margin entire to shallowly 3-lobed toward apex, margin slightly crenulate, 
apex or mid-lobe obtuse, disk minutely papillose, purplish red to rose, 
sometimes whitish toward base with a spoon-shaped patch of dark purple 
spots or lines; spur pendulous, nearly straight to slightly curved forward, 
cylindric to conic, equaling to slightly shorter than ovary, apex obtuse. 
31 
^tst 
Food liabits of Asiatic ibex and Ladakh urial 
Microhistological characters 
Epidermal cell were angular to lobed with linear cell wall arranged linearly. 
Trichomes were absent. Paracytic stomata were sparsely distributed (Plate 
3.8). 
9. Pedicularis bicornuta 
Morphological characters 
Erect herbs with fibrous and fleshy roots. Leaves alternate, petiolate, linear or 
linear oblong, lobed. Flowers in dense racemes. Calyx broadly oblong, slightly 
hirsute, lobes crested. Corolla yellow, tube longer than the calyx, upper lip 
produced into a bifid tail, lower much larger. Capsule oblong-lanceolate, 
finely acuminate, much exceeding the calyx. Seeds pale striate and reticulate. 
Microhistological characters 
Angular to lobed epidermal cell were present. Epidermal cell contains linear 
cell wall. Trichomes absent. Anomocytic type of stomata was present (Plate 
3.9) 
10. Exacum tetragonum 
Morphological characters 
Medium-sized to tall haerbs. Stems erect, apically branched, 4-angled. Leaves 
sessile, ovate-lanceolate to ovate, base rounded, nearly clasping, and 
decurrent, apex acute; veins 3-5, abaxially prominent. Calyx lobes ovate, 
keeled; margin broadly membranous, apex caudate. Corolla mauve-blue to 
lilac, tube cylindric; lobes elliptic, margin entire, apex short acuminate. Style 
linear; stigma lobes orbicular. Capsules subglobose. Seeds ellipsoid. 
Microhistological characters 
Epidermal cell were lobed with weakly sinous anticlinal cell wall. Trichomes 
were not observed. Isotricytic stomata were present in large numbers (Plate 
3.10). 
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11. Thymus serpylium 
Morphological characters 
Much branched dwarf, creeping mat-forming herbs. Basal branches 
procumbent with fascicles of leaves at the nodes and short ascending-erect 
flowering shoots. Stems nearly quadrangular, pilose all round the stem or on 
the angles only with spreading or shortly retrorse eglandular hairs. Leaves 
elliptic-obovate to linear lanceolate, densely dotted with reddish sessile oil-
globules above and below, glabrous or with few scattered eglandular pilose 
hairs. Inflorescence ovoid-capitate. Calyx tubular to campanulate, usually 
purplish, with oil globules. Corolla pale lilac, pink purplish or violet. Stamens 
clearly exserted in hermaphrodite flowers. Nutlets pale brown, ovoid, with a 
small V-shaped attachment scar 
Microhistological characters 
Lobed epidermal cell with sinous anticlinal cell wall. Trichomes were absent. 
Anomocytic type of stomata was present (Plate 3.11). 
12 Colchicum luteum 
Morphological characters 
Corm ovoid, oblong, coat brown to dark-brown, membranous. Leaves 3-6, 
linear to broadly linear, obtuse. Flowers yellow, infundibuliform. Perianth 
lobes 6, united below into a long, narrow tube; segments linear to 
oblanceolate, acute to obtuse. Stamens 6, attached at the base of the perianth 
segments, included. Ovary superior, trilocular; styles 3, filiform, longer than 
the stamens; stigma minute. Fruit capsular, ovoid. Seeds numerous, globose. 
Microhistological characters 
Epidermal cell were rectangular with linear cell wall. Epidermal cell were 
arranged linearly. Trichomes were absent. Paracytic stomata, arranged 
linearly were densely distributed on the leaf surface (Plate 3.12). 
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13. Draba gracillima 
Morphological characters 
Perennial, slender herbs. Stems decumbent, simple, very slender, somewhat 
flexuous, basally sparsely pubescent with short-stalked, 3- or 4-rayed, stellate 
trichomes, rarely densely pilose with primarily simple trichomes, apically 
glabrous. Basal leaves rosulate, persistent; leaf blade broadly obovate, 
spatulate, to oblanceolate, pubescent or pilose with simple and/or stellate 
hairs, rarely e glabrous except for margin, base cuneate to attenuate, margin 
denticulate or subentire, often ciliate, apex sub-acute or obtuse. Cauline leaves 
2-6, sessile, ovate, pubescent as basal leaves, base obtuse, not auriculate, 
margin entire or denticulate, apex acute. Racemes 3-10 (-12)-flowered, 
ebracteate or lowermost flowers bracteate, lax, elongated considerably in 
fruit. Fruiting pedicels filiform, glabrous, lowermost longest and strongly 
recurved, uppermost straight and ascending. Sepals oblong, erect, glabrous or 
rarely with a few trichomes, not saccate, margin narrowly membranous. 
Petals pale yellow or yellowish white, narrowly obovate to oblanceolate; apex 
obtuse or sub-emarginate; claw absent. Ovules 10-20 per ovary. Fruit 
narrowly oblong, linear, or linear-lanceolate, pendulous, not twisted; valves 
glabrous, not veined. Seeds brown, ovate, sub-compressed, wingless. 
Microhistological characters 
Irregular lobed epidermal cells with linear cell wall were observed. Trichomes 
were absent. Paracytic stomata were present in large numbers (Plate 3.13). 
14. Lindelofia stylosa 
Morphological characters 
Herbs with stout roots. Stems usually branched above, appressed pubescent. 
Basal petioles narrowly winged, subglabrous. Leaf blade oblong-elliptic to 
oblong-linear, sparsely short appressed pubescent, base attenuate; lower stem 
leaves petiolate, sublinear; upper stem leaves sessile or nearly so, narrowly 
lanceolate. Inflorescences densely appressed pubescent. Calyx lobes slightly 
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unequal, subulate-linear. Corolla purple or purplish red, glabrous; tube 
straight, nearly as long as calyx; throat appendages scaly, glabrous; lobes 
linear-obovate. Filaments filiform, anthers linear-oblong, 2-mucronulate at 
apex. Ovary 4-parted. Style usually slightly curved, base sparsely pubescent, 
capitate. Nutlets basal disc triangular-ovate, with reduced glochids and a 
prominent median line, margin and abaxially with dense glochids. Seeds 
yellowish brown, ovoid. 
Microhistological characters 
Epidermal cells were lobed with sinous cell wall. Thin, medium sized^ 
unicellular, wavy trichomes were present. Each trichome contains pointed tip 
and broad base. Base of each was surrounded by six to seven hexagonal cells. 
Paracytic stomata (Plate 3.14) 
15. Anemone spp. 
Microhistological characters 
It contains lobed epidermal cells with sinous anticlinal cell wall. Trichomes 
were absent. Anomocytic type of stomata was present in large number (Plate 
3.15). 
16. Trifolium repens 
Morphological characters 
Glabrous to glabrescent perennial, prostrate, rooting at nodes. Leaflets 
broadly obovate, rounded or refuse at the apex; petiole long; stipules broad at 
the base, sheathing, ending in a subulate apex. Inflorescence a globose 
raceme. Flowers scented. Calyx 10-nerved, teeth unequal. Corolla white or 
pinkish. Fruit linear, 3-4-seeded. 
Microhistological characters 
Angular to lobed epidermal cells with linear cell wall were observed. 
Trichomes were absent. Anomocytic type of stomata were present densely all 
over the surface of the leaf (Plate 3.16). 
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17. Melilotus officinalis 
Morphological characters 
Annual to biennial, erect or decumbent plant. Leaflets of lower leaves obovate 
to ovate, the upper ovate-lanceolate, serrate. Stipules of lower leaves entire. 
Inflorescence a raceme, longer than the subtending leaf. Corolla yellow, wing 
and standard equal, longer than the keel. Fruit long, glabrous, transversely 
striated, usually 1-seeded. 
Microhistological characters 
Epidermal cells were angular with linear cell wall arranged in a linear path. 
Epidermal cell were pentagonal to hexagonal in shape. Wavy, medium sized 
trichomes with pointed tip were present. Paracytic stomata were arranged 
linearly (3.17). 
18. Podophyllum hexandrum 
Morphological characters 
Perennial herbs, erect, smooth, glabrous, somewhat fleshy or succulent, 
simple; rhizome short, horizontally creeping, scaly above, with dense thick 
fibrous roots; scales ovate-lanceolate, striated, pale, entire. Stem scapigerous, 
simple, erect, terete, naked below with 1-3 alternate leaves above the middle 
and usually 1 supra axillary flower (or fruit). Leaves palmate, deeply 3 -5 
lobed; lamina with petiole about as long as the lobe and somewhat swollen at 
base; lateral lobes obliquely ovate, sometimes 2-lobulate; middle lobe broadly 
elliptic and symmetrical; all lobes sharply toothed, acute to slightly 
acuminate, sessile, coarsely veined below. Flowers white to pink, nearly 
terminal in bud but becoming supra axillary later; peduncle short, elongating 
in fruit, erect or ascending, somewhat thickened. Sepals 3, broadly oblong, 
caducous, petaloid. Petals 4- 6, obovate-oblong. Stamens usually 6, about half 
as long as the petals; filaments slightly flattened; anthers oblong, obtuse. 
Berry oblong-ovoid or oblong-ellipsoid, scarlet or red, pulpy, narrowed below 
the stigma, many seeded. Seeds obovoid or suborbicular 
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Microhistological characters 
Epidermal cell were lobed with wavy cell wall. Trichomes were absent. Very 
few stomata were observed which were of anomocytic type (Plate 3.18) 
19. Draba amoena 
Morphological characters 
Erect fistular, perennial herbs. Basal leaves rosulate, upper ones spathulate, 
acute, dentate; cauline leaves smaller, oblong-lanceolate, sessile, semi-
amplexicaul, gradually reducing into linear bracts, stellate or simple hairy. 
Flowers pale-violet in lax corymbose racemes. Pods oblong, compressed, 
twisted, obtuse at base, acute at apex. 
Microhistological characters 
Epidermal were lobed with sinous anticlinal cell wall. Trichomes were absent 
Anisocytic stomata were densely present over the surface of the leaf (Plate 
3.19). 
20. Geranium pratense 
Morphological characters 
Perennials with thick, horizontal rootstock, tubercles none. Stem erect, not 
rooting at nodes, with retrorse to patent nonglandular trichomes and 
sometimes patent glandular trichomes. Stipules lanceolate, distinct. Leaves 
opposite; leaf blade palmately cleft, pilose with appressed nonglandular hairs; 
segments usually 7, sometimes 5 or 9, rhombic, Cymules solitary, 2-flowered. 
Bracteoles lanceolate. Sepals mucronate, glandular hairy within and glabrous 
outside. Petals bluish or sometimes purplish or white, erect to patent, both 
surfaces glabrous, margin basally ciliate, apex rounded. Staminal filaments 
pinkish, lanceolate with a broadly triangular base and an abruptly narrowed 
apex, both sides glabrous except for ciliate base. Anthers dark violet to bluish 
black. Nectaries 5, hemispheric, abaxially glabrous, apex with a tuft of 
trichomes. Stigma green to pinkish. Fruit reflexed when immature; mericarps 
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smooth but usually with 1 or 2 transversal veins at apex, with a basal callus 
and two stigmatic remains. 
Microhistological characters 
Angular epidermal cell were present which were forming a honey comb like 
structure. Cells were mostly hexagonal with linear cell wall. Long, erect, 
ligulate trichomes were present in large number. Stomata were of anomocytic 
type (Plate 3.20). 
21. Silene edgeworthii 
Morphological characters 
Perennial, branched, glandular hirsute herbs. Leaves ovate-lanceolate or 
elliptic, acute, glabrous or glabrescent, scabro-hirsute along margins and 
nerves. Flowers white, erect or nodding in large terminal panicles. Capsule 
globose, 10-toothed. 
Microhistological characters 
Lobed epidermal cell with linear cell wall. Medium sized, unicellular, ligulate 
smooth trichomes were present. The trichomes were overlapping on each 
other. Diacytic stomata were distributed sparsely over the surface of the leaf 
(Plate 3.21). 
22. Oxytropis lapponica 
Morphological characters 
Perennial herb, root woody; aerial stem well developed, often with long 
internodes, pubescent, with yellowish and black hairs. Leaf imparipinnately 
compound; leaflets mostly opposite to subopposite, subsessile, lanceolate to 
elliptic-lanceolate, entire, acute to acuminate, pilose on both sides, hairs long 
and somewhat spreading; stipules leaf opposed, pilose. Flowers in axillary 
and terminal pedunculate heads, bright purple. Fruit stipitate,glabrescent, 
apiculate, 8-10-seeded. 
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Microhistological characters 
Lobed epidermal cells with linear to wavy cell wall. Long ligulate trichomes 
with one celled base. Tip of each trichome was pointed. Anomocytic type of 
stomata were present (Plate 3.22). 
23. Cicer microphyllum 
Morphological characters 
Branched herbs with glandular-pubescent stems. Stipules foliaceous, deeply 
palmatifid. Rachis (up to the last leaflet) 4-12 cm long, generally ending in a 
spiral tendril, sometimes in a leaflet. Leaflets 8-22 (-30), apex rounded or 
truncate, base cuneate, pilose on both surfaces, upper half of the margin 
incised dentate. Inflorescence solitary occasionally gemiante. Flower 
pedicellate. Calyx pilose, tube very oblique, teeth subequal. Corolla blue. Pod 
linear-oblong, pubescent, beaked, many seeded. 
Microhistologial characters 
Epidermal cells were lobed with wavy wall. Multicellular trichomes with 
bulbous tip and one celled base. Anomocytic stomata were present (Plate 
3.23). 
24. Aquilagia fragrans 
Microhistological characters 
Lobed epidermal cell with smooth linear wall were present. Long, thin 
ligulate trichomes with blunt tip were present in large number. Stomata were 
of anomocytic type (3.24). 
25. Convolvulus arvensis 
Morphological characters 
Climbing or prostrate annual or perennial glabrous or thinly hairy herbs, 
branching at the base. Leaves ovate to broadly oblong or linear to linear-
oblong, sagittate, acute to obtuse. Flowers campanulate, bracteate, 1 (-2), 
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axillary, pale pink to lilac with dark purple bands, pedicellate, bracteoles 
linear. Sepals broadly oblong, obtuse, retuse or apiculate, sparsely pubescent 
to glabrous. Ovary glabrous, on a disc. Stigma filiform. Capsule globose. 
Seeds dark brown, tuberculate. 
Microhistological characters 
Epidermal cells were lobed to angular with linear cell wall. Trichomes were 
absent. Paracytic stomata were densely distributed over the surface of the leaf 
(3.25). 
26. Arnebia euchroma 
Morphological characters 
An erect hairy perennial herb. Roots thick, purplish in colour. Stems several, 
striate, strigosely hairy. Basal leaves larger than upper ones , lanceolate, 
strigosely hairy, the hairs with bulbous base; nerves impressed above, 
prominent on the under surface. Inflorescence nearly globose. Bracts leafy, 
nearly the size of calyx. Flowers yellow to purple in colour, sessile to 
subsessile. Calyx villous with yellowish-white to white hairs; lobes linear-
lanceolate,. Corolla lobes suborbicular. Anthers linear, attached near throat or 
middle of corolla tube. Stigmas 2, obtuse. Nutlets rugose-tuberculate, greyish 
in colour, keeled. 
Microhistological characters 
Angular to lobed cells which were hexagonal to rectangular in shape with 
linear to wavy cell wall. Stomata were of paracytic type. Two types of 
trichomes were present 
a) Long ligulate trichomes with pointed tip and base studded with 
eight to ten cell forming a mound at the base. 
b) small ligulate trichome with pointed tip. the base of this trichome 
was surrounded by a circle which was further surrounded by six to 
seven cells (Plate 3.26). 
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27. Gentianella paludosa 
Morphological characters 
Erect biennial herbs with simple or sparingly branched stems, sometimes 
tinged with purple. Basal leaf-rosette usually withered at flowering. Cauline 
leaves elliptic or lanceolate, rounded or acute. Inflorescence 1- few flowered 
mcyme. Pedicel long. Calyx tubular, lobes ovate or lanceolate, acute or 
acuminate. Corolla deep blue, purplish or white, sometimes with thin blue or 
white stripes; lobes oblong or spathulate, margins fringed at base. Ovary 
oblong or narrowly ellipsoid, stipitate. 
Microhistological characters 
Lobed epidermal cells with sinous anticlinal cell wall. Trichomes were totally 
absent. Anomocytic stomata were present sparsely (Plate 3.27). 
28. Aconogonon molle 
Morphological characters 
Erect, softly tomentose, branched, perennial herb or undershrub. Stem terete, 
villous, rarely glabrous. Leaves elliptic-lanceolate, pubescent-tomentose 
above, villous below. Ochrea ovate, eciliatemembranous. Inflorescence large, 
richly branched terminal, thyrsoid, tomentose panicle. Perianth lobes 5, 
creamy white, oblong-oblanceolate, obtuse. Stamens 8, filaments long, 
filiform. Ovary trigonous, styles 3, stigmas capitate. Nuts included within the 
reddish black fleshy tepals, exserted up to half or one third of its lengths, 
trigonous, brown, shining. 
Morphological characters 
Angular epidermal cells with linear cell wall. Small, Nail shaped trichomes 
with pointed tip and broad base. Stomata were of anomocytic type (Plate 
3.28). 
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29. Oxyria digyna 
Morphological character 
Perennial herbs, with prostrate or semierect glabrous, grooved stem. Leaves 
somewhat fleshy, radical, rarely cauUne, glabrous; petiole grooved; blade 
entire, orbicular, cordate, reniform to rounded-reniform, main veins more 
prominent below than above. Ochrea brownish, acute, brittle. Flowers 
pedicellate, pedicel accrescent in fruit, jointed below the middle, thickened 
above the joint. Perianth segments 4, pinkish white, outer two reflexed, 
avicularly folded, inner 2, obovate, appressed to the fruit. Stamens 6, in two 
whorls, anthers basifixed. Ovary shorter than stamens. Fruit 2-winged, wings 
pinikish, orbicular, cordate, equalling the nut. 
Mircohistological characters 
It contains lobed epidermal cell with linear wall. Trichomes were absent. 
Anomocytic stomata were distributed regularly on leaf surface (Plate 3.29). 
30. E-pilobium latifolium 
Morphological characters 
Clumped perenniasl, forming large colonies by sprouting from woody 
rootstock. Stems simple or moderately branched, glabrescent to densely 
strigose, especially on inflorescence. Leaves elliptic to lanceolate-elliptic, 
glabrous or sparse strigose, especially on veins and margins, entire or 
sparsely denticulate, spirally arranged, strongly attenuate to shortly petiolate 
or subsessile. Inflorescence erect, leafy. Flowers strongly recurved before 
anthesis, ovaries densely canescent. Sepals acute, sparse to moderately 
pubescent. Petals entire, bright rose-purple to pale pink. Style sharply 
deflexed, becoming erect after anthers dehisce, glabrous to quite pubescent 
around the base. Stigma deeply 4-Iobed and recurved, exserted beyond the 
anthers or sometimes surrounded by them. Seeds acuminate, surface 
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irregularly foveolate, the chalazal collar quite conspicuous; coma white, not 
markedly deciduous 
Microhistological character 
Angular epidermal cells with linear cell wall were present. The cells were 
pentagonal to hexagonal in shape. Trichomes were absent. The stomata were 
of anomocytic type (Plate 3.30). 
31. Astragalus rhizanthus 
Morphological characters 
Perennial nearly acaulescent herbs. Stipules obovate, with ciUate margins. 
Leaves imparipinnate, leaflets opposite to subopposite, oblong, more or less 
glabrous above, pilose below. Flowers aggregated together. Bracts linear, 
small. Pedicel short. Calyx longer than pedicel, lower teeth longer than upper 
ones. Corolla yellow. Style glabrous; ovary pilose. Fruit densely silky, 
bilocular, 15-20-seeded. 
Microhistological characters 
Epidermal cell were not clearly visible. Numerous, very long, smooth 
multicellular trichomes with pointed tip and one cell base. Stomata not visible 
(Plate 3.31). 
32. Potentilla eriocarpa 
Morphological characters 
Perennial, herbs. Rootstock elongated, thick and stout, covered with remnants 
of stipules and leaf bases. Basal stem long, simple or branched, cylindrical, 
woody, covered with remains of woody scale leaves, villose. Flowering stem 
and leaves terminal, borne on the apex of the basal stem, ascending, 
moderately pilose. Leaves few, ascending, ternate; petioles slender, 
compressed, moderately pilose. Basal stipules ovate-lanceolate, acute, 
membranous, brown, auriculate. Leaflets broadly obovate-cuneate or 
rhomboid-cuneate, deeply 5-8 toothed, teeth acute, sparsely villose to 
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glabrescent above and beneath. Flowers 2-3 on a flowering branch, 
conspicuous, pedicels long, densely pubescent. Sepals equal, sparsely pilose, 
acute. Petals obcordate, yellow. Stamens 20-25, anthers dithecous. Carpels 
numerous, embedded in densely villose hairs, styles subterminal long, 
flattened downward, stigma non-dilated. Achenes oblong-ovate, villose. 
Morphological characters 
Epidermal cells were lobed with sinous anticlinal cell wall. Numerous long 
jumble worms like trichomes were present. Stomata were of Anomocytic type 
(Plate 3.32). 
33. Corydalis crassifolia 
Morphological characters 
Short perennial simple herbs, glabrous, glaucous; rootstock slender, prostrate, 
covered above with withered leaf bases. Radical leaves long stalked, with 
usually a trisect (lobed) terminal lamina, early withering; petiole long; lamina 
somewhat fleshy, nearly reniform, 3(-5) lobed; lobes suborbicular, narrowed 
below, margin crenulate to shortly lobulate, often broader than long. Cauline 
leaves 1-3 verticillate, like the lamina of radical leaves, sessile or subsessile. 
Racemes short, densely 20-25 flowered, hardly elongating in fruit. Flowers 
large; bracts spathulate or obovate-lanceolate. Pedicel spreading, stout, 
deflexed in fruit. Sepals ovate, membranous, entire to slightly denticulate 
below, acute. Upper petal broad, obtuse, margin slightly expanded, dorsal 
ridge (wing) short, narrow, entire to 1-2 denticulate; lower petal slightly 
saccate at base, slightly narrow, about as long as the lamina of the upper 
petal, somewhat deflexed. Capsule ellipsoid-orbicular, many seeded; style 
long, curved at apex with broad stigma. 
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Microhistological characters 
Angular epidermal cell with linear cell wall were present. The cells were 
pentagonal to hexagonal in shape. Trichomes were absent. Anomocytic type 
of stomata was present (Plate 3.33). 
34. Anemone replica 
Morphological characters 
Perennial rhizmatous herbs. Rhizome long, slender, vertical, covered with 
remains of previous year levaes. Stem with patent, soft hairs. Leaves ternate; 
leaflets free to the base or nearly so, broadly ovate to obovate, 3-lobed for one 
or two thirds, lobes dentate shortly lobed linvolucres leaves sessile or 
subsessile, 2-3-lobed to the middle, segments deeply incised and serrate-
dentate. All leaves with long wooly hairs abaxially and along margin, 
glabrous to subglabrous adaxially. Sepals obovate, often truncate apically, 
pubescent outside. Carpels forming a globose to ovate head, densely 
embedded in wool which is surpassed only by the slender style. 
Morphological characters 
Lobed to angular epidermal cells. Trichomes were long smooth, ribbon like. 
Anomocytic type of stomta were present (Plate 3.34). 
35. Delphinium brunonianum 
Morphological characters 
Herbs with stems glabrous or pubescent below, glandular-pubescent above. 
Lower leaves long petioled. Leaf blade reniform, hairy, 5-fid to the middle, 
segments crenate or dentate incised with subobtuse teeth or short lobes. 
Upper leaves rather like large leafy bracts. Inflorescence corymbose or 
racemose, few-flowered. Pedicels erect. Bracteoles near flowers, hairy, entire, 
trilobed or toothed. Sepals blue, veined, persistent, pubescent with soft white 
hairs. Upper sepal with straight spur. Lateral sepal rounded ovate. Petals 
blue, upper petal oblique, apex rounded-erose, sometimes ciliate or with 2 
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lanceolate lobules, spurred. Lower petals strongly oblique. Stamens glabrous. 
Follicles pubescent. Seeds winged. 
Microhistological characters 
Epidermal cell were lobed with sinous anticlinal cell wall. Paracytic stomata 
with two types of trichomes were observed: 
a) Long straight ligulate trichomes with pointed tip. 
b) Long trichomes with a pointed tip and bulbous or pot like base (Plate 
3.35). 
36. Allium carolinianum 
Morphological characters 
Bulb ovoid, outer coats coriaceous, dull brown, inner membranous. Scapes 15 
to 50 cm tall, base covered with leaf bases. Leaves 5-6, broadly linear to 
lanceolate, falcate, not fistular, apex obtuse. Umbel many flowered, 1.5-3 cm 
across. Perianth pink to rose coloured, lobes lanceolate,. Filaments exceeding 
the perianth, entire, connate at the base. Style exserted, stigma capitate. 
Capsules globose; seeds elliptic, oblong or ovate, surface granulate. 
Microhistological characters 
Rectangular epidermal cell with wavy cell walls arranged linearly. Trichomes 
were absent. Paracytic stomata were present. Stomata were also arranged 
linearly (Plate 3.36). 
37. Meconopsis aculeata 
Morphological characters 
Perennial prickly herbs, with long rootstock. Radical leaves cordate, petiolate, 
deeply dissected with obtuse to acute lobes; cauline leaves oblong to 
lanceolate; petiole broad somewhat sheathing at the base; segments very 
variable in shape. Flowers in long racemes or pseudo-racemes, bracteate 
except the upper ones; bracts foliaceous, smaller than the cauline leaves. Buds 
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globose. Sepals caduceus, suborbicular-ovate, keeled. Petals dark purplish 
blue, broadly obovate, with parallel veins. Stamens indefinit, anthers 
basifixed, oblong, yellow. Ovary ovoid, hispid; style columnar; stigmas 4, 
oblong, fused, capitate, pale green. Capsule obovate to oblong, tapering at 
both ends, prickly, 5-7 valved. Seeds numerous, reniform to planoconvex, 
brownish red. 
Microhistological characters 
Lobed epidermal cells with smooth walls. Trichomes were not present. 
Stomata were of anomocytic type (Plate 3.37). 
38. Delphinium cashmerianum 
Morphological characters 
Sort to medium sized strigose or eglandular hairy herbs. Lower leaves long 
petioledupper ones with shorter petioles. Leaf blade reniform pentagonal, 
usually strigulose, palmately 5-7-lobed to the middle, segments with a few 
teeth or lobules. Inflorescence few-flowered, corymbose or particulate. Sepals 
bluish-purple, rarely pinkish, persistent, pubescent, veined. Upper obtuse, 
spur straight, conical; lateral sepals obtuse; lower sepals rhombic-obovate. 
Petals dark purple to light blue, upper pair slightly oblique, limb glabrous, 
erose or bidentate, spurred; lower petals strongly oblique, oblong-obovate, 
long bearded and ciliate, cleft to the middle,clawed. Stamens glabrous. 
Follicles hairy. Seeds covered with horizontal rows of scales 
Microhistological characters 
Lobed epidermal cells with wavy cell walls. Medium sized unicellular sword 
like ligulate trichomes with pointed tip. Stomata were of anomocytic type 
(Plate 3.38). 
3.4.2 Dietary spectrum of Asiatic ibex and Ladakh urial 
A total of seven and eight pallet groups of Asiatic ibex and Ladakh urial were 
used respectively to evaluate the food habits of both the species. Moreover, a 
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total of 5201 fragments of plants were observed for Asiatic ibex and 3317 
fragments of plants were analysed for Ladakh urial to determine diet of both 
the species. 
3.4.2.1 Diet composition of Asiatic ibex 
Asiatic ibex mostly subsisted on monocots particularly grasses (76.93%) while 
the contribution of dicot species was comparatively less (23.07%) to the diet 
(Fig.l). A total twenty three herb species and two shrub species were 
recorded in the pallets of Asiatic ibex. The analysis of relative importance 
value revealed that Potentilla eriocarpa (4.19) was the most important forage 
plant among dicots. It was followed by Echinops cornigerus (1.06), 
Leonotopodium facolianun (0.60), Pedicularis bicornuta (0.31), Arnebia euchroma 
(0.17) and Rannunculus brothersii (0.13). Other important dicot species were 
Anemone spp., Oxyria digyna (0.10), Iris lacteal, Marrubium vulgare, Oxytropis 
lapponica (0.08). A minimum relative importance value (0.02) was recorded for 
Anaphalis triplinervis, Dactylorhiza hatagirea, Tulipa Stellata, Colchicum leutium. 
Geranium pretense and Convolvules arvensis (Table 3.1). 
3.4.2.2 Diet composition of Ladakh urial 
The diet of Ladakh urial was dominated by monocots (86.92%) and it was 
followed by dicots that contributed only 13.08% (Fig. 3.1). Fifteen species of 
dicot were identified in the pallets of Ladakh urial. Among them, Marrubium 
vulgare and Echinops cornigerus with RIV value of 0.33 each were the most 
prevalent species in the diet. The RIV of other food species were; 
Leonotopodium facolianun (0.30), Potentilla eriocarpa (0.24), Verbascun thapcus, 
Tulipa stalleta, Tricofolium repens (0.12), Silence edgeworthii, Epilobium latifolium 
(0.09) Rheum spiciforme. Thymus serpyllum, Colchicum leutium (0.06). The lowest 
proportion of dicot was recorded for Rannunculeus brothersii, Convolvules 
arvensis, Draba gracillima with a RIV value of 0.03 each. Table 3.2 contains 
information on Relative importance value of each forage species observed in 
the diet of Ladakh urial. 
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3.4.3 Diet overlap and comparison 
The overlap in dicots between Asiatic ibex and Ladakh urial was very low 
(0.16) revealing differences in usage of dicotyledonous plants by both the 
species. Out of total 33 dicot species, thirteen species of herbs were found 
common between the Asiatic ibex and Ladakh urial diet. The usage of dicot 
was significantly different by both the species {f-- 202.74, df=l, p<0.001). 
Furthermore, both the species also demonstrated differences in utilization of 
monocots {x^= 181.56, df=l, p<0.001). 
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3.5 Discussion 
Food habits studies have been carried out using mircohistological analysis of 
faecal matter. This method has certain limitations in estimating dietary 
components due to differential digestibility of plant species. Shrubs are 
generally overestimated while readily digestible forbs are underestimated 
(Holechek and Vavra 1981, Gill et al. 1983). Though the microhistology has 
limitations, however, in the absence of other reliable methods for estimating 
dietary spectrum, it has increasingly been used to study the diet of Himalayan 
and alpine ungulates (Ilyas and Khan 2004, Shrestha et al. 2005, Wegge et al. 
2006, Wingard et al. 2011). Therefore, microhistology was used to determine 
the feeding habits of the two ungulate species. 
Asiatic ibex consumed mostly grasses in comparison with herbs and shrubs. 
The result clearly shows Asiatic ibex is mainly a grazer; feeding extensively 
on grasses and occasionally supplement by feeding on herbs and shrubs. The 
results of Bhatnagar (2002) are more or less similar with the exception that 
consumption of tree species was not recorded during present study due to the 
fact that the area does not support tree species. That leads to the conclusion 
that the selection of dietary items is governed by the availability in the 
environment. Elsewhere, Martinez (2000) also concluded, high consumption 
of graminoid by the Spanish ibex Capra pyrenaica while comparing the diet of 
species between altitude in Sierra Nevada. 
The study revealed high share of monocot in the diet of Ladakh urial and a 
low consumption of herbs. The result were not in line with Namgail et al. 
(2010) who reported high proportion of non graminoid plants in the diet of 
Ladakh urial in Gya-miru wildlife sanctuary, Ladakh. Bhatnagar (2002) 
mentioned Ladakh urial to be intermediate forager. The high consumption of 
monocots particularly grasses may be due to the rich availability of grasses in 
the study area. 
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The results supports the Jarman-Bell hypothesis that states an inverse relation 
between body mass and selective foraging. Browser and selective foragers are 
expected to be significantly smaller than grazer and mixed forager (Jarman 
1974). Ladakh urial and Asiatic ibex with an average weight of 65 and 90 kg 
(Bhatnagar 2002) is to some extent concurrent with this hypothesis. Moreover, 
Awasthi (2003) advocated the dominancy of graminoid in the diet of Trans-
Himalayan mammals. 
Although Asiatic ibex and Ladakh urial differ in their occurrence at regional 
level, they co-occur at landscape level so it was expected that their diet may 
overlap. Though 13 species of herbs were found common between the two 
species, but this overlap was not phenomenal indicating differential usage of 
grasses and herbs. The low overlap may be due to the differences in the 
distribution pattern of Asiatic ibex and Ladakh urial in Ladakh (Mallon 1983, 
Fox et at. 1991, Raghwan and Bhatnagar 2003). Since the productivity is low in 
Trans-Himalayas owing to harsh environmental conditions, it seems 
ecologically viable if sympatric species partition their resource utilization in 
order to ensure regular supply of resources on long-term basis. The results of 
this study clearly estabUsh the phenomenon of resource partitioning by two 
sympatric species occurring in similar ecological area. 
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Figure 3.1: Percentage of monocots and dicots in the diet of Ladakh urial and 
Asiatic ibex in Kargil 
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Table 3.1: Relative importance value (RIVs) of food plants in the diet of 
Asiatic Ibex 
S.No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
Plant Species 
Herbs 
Pseudomertensia echioides 
Iris ladea 
Rannunculus brothersii 
Anaphalis triplinervis 
Leonotopodium facolianun 
Selinum tenuifolium 
Rheum spiciforme 
Marrubium vulgare 
Dadylorhiza hatagirea 
Pedicularis bicornuta 
Thymus serpyllum 
TuUpa Stellata 
Colchicum leuthim 
Anemone spp. 
Trifolium repens 
Podophyllum hexandrum 
Geranium pratense 
Oxytropis lapponica 
Echinops comigerus 
Convolvules arvensis 
Arnebia euchroma 
Oxyria digyna 
Taraxacum officinale 
Shrubs 
Aconogonum molle 
Potentilla eriocarpa 
Monocots 
Unidentified Monocots 
Family 
Boraginaceae 
Iridaceae 
Ranunculaceae 
Compositae 
Asteraceae 
Umbelliferae 
Polygonaceae 
Labiateae 
Orchidaceae 
Scrophulariaceae 
Lamiaceae 
Liliaceae 
Liliaceae 
Ranunculaceae 
Leguminoseae 
Berberidaceae 
Geraniaceae 
Leguminosae 
Compositae 
Convolvulaceae 
Boraginaceae 
Polygonaceae 
Asteraceae 
Polygonaceae 
Rosaceae 
Total 
counts 
3 
4 
7 
1 
31 
3 
2 
4 
1 
16 
7 
1 
1 
5 
2 
2 
1 
4 
55 
1 
9 
5 
2 
2 
218 
4001 
RIV 
0.06 
0.08 
0.13 
0.02 
0.60 
0.06 
0.04 
0.08 
0.02 
0.31 
0.13 
0.02 
0.02 
0.10 
0.04 
0.04 
0.02 
0.08 
1.06 
0.02 
0.17 
0.10 
0.04 
0.04 
4.19 
76.93 
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Table 3.2: Relative importance value (RIVs) of food plants in the diet of 
Ladakh urial 
S.No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
Plant Species 
Herbs 
Rannunculus brothersii 
Leonotopodium facolianun 
Verbascun thapcus 
Rheum spiciforme 
Marrubium vulgare 
Thymus serpyUum 
Tulipa stalleta 
Colchicum leutium 
Tricofolium repens 
Silence edgeworthii 
Echinops cornigerus 
Convolvules arvensis 
Epilobium latifolium 
Draba gracillima 
Shrub 
Potentilla eriocarpa 
Unidentified Monocots 
Family 
Ranunculaceae 
Asteraceae 
Scrophuulariaceae 
Polygonaceae 
Labiateae 
Labiateae 
Lihaceae 
LiUaceae 
Leguminosae 
Caryophyllaceae 
Compositae 
Convolvulaceae 
Onagraceae 
Cruciferae 
Rosaceae 
Total 
counts 
1 
10 
4 
2 
11 
2 
4 
2 
4 
3 
11 
1 
3 
1 
8 
2883 
RIV 
0.03 
0.30 
0.12 
0.06 
0.33 
0.06 
0.12 
0.06 
0.12 
0.09 
0.33 
0.03 
0.09 
0.03 
0.24 
86.92 
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Taraxacum officinale Stomata (lOOX) 
Trichomes (lOX) 
Plate 3.1: Field view and microhistological characters of Taraxacum officinale 
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Ranunculus hrotherusii. 
4 • r * 
Cells, stomata and trichomes (40X) 
Plate 3.2: Field view and microhistological characters of Ranunculus hrotherusii 
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Cynoglossum glochidiatum 
Trichomes (20X) 
Stomata and cells (40X) 
Plate 3.3: Field view and microhistological character of Cynoglossum 
glochidiatum. 
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Verbascum thapsus 
Trichomes (40X) 
Plate 3.4:Field view and microhistological characters of Verbascum thapsus 
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Selinum tenuifolium 
Stomata (lOOX) 
Trichomes (40X) 
Plate 3.5: Field view and microhistological characters of Selinum tenuifolium 
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Rheum spiciforme 
Cells and stomata (40X) 
Plate 3.6: Field view and microhistological characters of Rheum spiciforme 
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Marrubium vulgare 
Trichomes (40X) 
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Plate 3.7: Field view and microhistological characters of Marrubium vulgare 
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Dactylorhiza Jiatagirea 
Cells and stomata (40X) 
Plate 3.8: Field view and microhistological characters of Dactylorhiza hatagirea 
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Pedicularis bicomuta stomata (40X) 
Cells (40X) 
Plate 3.9: Field view and microhistological characters of Pedicularis bicomuta 
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Exacum terragonum 
Cells and stomata (20X) 
Plate 3.10: Field view and microhistological characters of Exacum terragonum 
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Thymus serpyllum Trichomes (40X) 
% 
i 
Cells {40X) 
Plate 3.11 Field view and microhistological characters of Thymus serpyllum 
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Colchicum luteum 
Cells and stomata (20X) 
Plate 3.12: Field view and microhistological characters of Colchicum luteum 
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Draba gracillina 
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Cells and stomata (20X) 
Plate 3.13: Field view and microhistological characters of Draba gracillina 
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Lindelofia sh/losa 
Trichomes (20X) 
Plate 3.14: Field view and microhistological characters of Lindelofia stylosa 
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Anemone rupicola 
Cells and stomata 
Plate 3.15: Field view and microhistological characters oi Anemone spp. 
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Trifolium repens 
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Cell and stomata (40X) 
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Stomata (lOOX) 
Plate 3.16: Field view and microhistological characters of Trifolium repens 
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Melilotus officinalis Trichome (40X) 
Cells (20x) 
Plate 3.17 Field view and microhistological characters of Melilotus officinalis 
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Podophyllum hexandrum 
Cells (40X) 
Plate 3.18 Field view and microhistological characters of Podophyllum 
hexandrum 
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Draha amoena 
Cells and stomata 
Plate 3.19 Field view and microhistological characters of Draha amoena 
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Geranium pretense 
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Cells and Trichomes 
Stoma ta 
Plate 3.20 Field view and microhistological characters of Geranium pretense 
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Oxytropis lapponica 
Trichomes (40X) Cell and trichomes (20X) 
Cells and stomata (40X) 
Plate 3.22 Field view and microhistological characters of Oxytropis lapponica 
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Cicer microphyllum 
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Trichome (20X) 
Trichomes (20X) 
Plate 3.23 Field view and microhistological characters of Cicer microphyllum 
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Aquilagia jragrans 
Cells (20X) 
Trichomes (20X) 
Plate 3.24 Field view and microhistological characters oi Aquilagia jragrans 
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Convolvulus arvensis 
Cells and stomata 
Plate 3.25 Field view and microhistological characters of Convolvulus arvensis 
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Arnebin euchroma 
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Large trichomes (20X) Small trichomes (40X) 
r Cells, stomata and trichomes 
Plate 3.26 Field view and microhistological characters of Amebia euchroma 
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Gentianella paludosa 
Cells and stomata 
Plate 3.27 Microhistological characters of Gentianella paludosa 
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Acogonum molle 
Trichome and cells (40X) 
Stomata and cells {40X) 
Plate 3.28 Field view and microhistological characters of Acogonum molle 
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Oxyria digyna 
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Cells and stomata 
Plate 3.29 Field view and microhistological characters of Oxyria digyna 
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Epilobium latifolium 
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Plate 3.30 Field view and microhistological characters of Epilobium latifolium 
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Astragalus rhizanthus 
Trichomes (40X) 
Plate 3.31 Field view and microhistological characters of Astragalus rhizanthus 
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Potentilla eriocarpa 
Trichomes (20X) 
Plate 3.32 Field view and microhistological characters of Potentilla eriocarpa 
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Corydalis crassifolia 
Cells and stomata 
Plate 3.33 Field view and microhistological characters of Corydalis crassifolia 
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Anemone replica 
Cells and stomata 
Plate 3.34 Field view and microhistological characters of Anemone replica 
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Delphinium brunonianum 
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Plate 3.35 Field view and microhistological characters of Delphini 
brunonianum iinium 
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Cells and stomata (40X) 
Plate 3.36 Field view and microhistological characters of Allium carolinianum 
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Cells (20X) 
Plate 3.37 Field view and microhistological characters of Meconopsis aculeata 
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Delphinium cashmerianum 
Trichomes (20X) 
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Plate 3.38 Field view and microhistological characters of Meconopsis aculeata 
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Chapter 4 
FOOD HABITS OF TIBETAN WOLF AND RED FOX 
4.1 Introduction 
Canids (family: Canidae) are a diverse group of carnivores with a wide range 
of body weights (1-80 kg), dietary habits (omnivory to strict carnivory) and 
habitat preferences from extreme deserts to ice fields to rain forests (Geffen et 
al. 1996). Canids are represented by 34-38 different species in world (Sillero-
Zubiri et al. 2004) and five species in India (Prater 2005). In Ladakh, this 
family comprised of three species i.e. wild dog Ciion alpines, Tibetan woU 
Canis lupus chanco and Red fox Vulpes vulpes. 
Tibetan wolf, a subspecies of grey wolf is distributed across central Asia from 
Trans-Himalayan region of India, Nepal and Tibet to the northern parts of 
Mongolia and Korean Peninsula (Pocock 1941). Wolves are gregarious 
predator those feed opportunistically abundant and vulnerable prey. The 
species is known to feed upon wild and domestic ungulates, lagomorphs, 
rodents, birds and insects (Valdman et al. 1998, Sharma et al. 2006, Kubarsepp 
and Valdmann 2003, Nowak et al. 2005). Many studies revealed a high share 
of domestic animals in wolf diet (Salvador and Abad 1987, Meriggi and 
Lovari 1996, Meriggi et al. 1996, Pezzo et al. 2003). Their notorious habit of 
killing the livestock causes it to be persecuted ruthlessly by man (Theberge 
and Theberge 2004, Shabbir et al. 2013). This resulted in decline of population 
of the species throughout its distribution range (Pfister 2004). Currently 
Tibetan wolf is categorised as "threatened" in the lUCN Red List of 
Threatened Animals (lUCN 2013) and "Schedule l" of Wildlife Protection Act 
(WPA 1972). 
Red fox is the most widely distributed carnivore in the world (Sillero-Zubiri et 
al. 2004). Within Indian limits, its distribution range spread over Tibet, 
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Ladakh, Kashmir, and rest of the Himalayas (Prater 2005). They are generalist 
and opportunistic omnivores that forage upon a wide range of food ranging 
from vertebrate to invertebrate prey, reptile, carrion, plant material such as 
fruits vegetable and seed, human refuse (Golightly et al. 1994, Jankowiak et al. 
2008, Carvalho and Gomes 2001). As a predator they typically kill birds like 
cormorants, ducks, gulls and mammals to about 3.5 kg (Golightly et al. 1994, 
Macdonald and Reynolds 2004). They also scavenge in rural and urban areas 
(Lanszki et al. 2006). Red fox is listed as least concern species in lUCN Red 
Data List (lUCN 2013) and categorised as Schedule II species in Wild Life 
Protection Act-1972 (Anon 2008). 
Both the species were subjected to very few ecological studies in Ladakh. 
Studies on wolf were mainly focussed upon livestock depredation 
(Chundawat 1992, Chundawat and Qureshi 1999, Jaypal 2000, Sathyakumar 
and Qureshi 2003, Namgail et al. 2007). Only a maiden study by Sharma et al. 
(2006) summarised the food habits and dietary overlap between the snow 
leopard and the wolf in Hemis National Park, Ladakh. Maheshwari et al. 
(2010) while studying carnivore-human conflict in Kargil and Drass area of 
Ladakh also provided some information on the food and feeding of Tibetan 
wolf. Recently, Habib et al. (2013) attempted a study on the status and 
distribution viz a viz conservation issues of wolf across Himalayas. There is a 
complete lack of information on the food and feeding of Red fox in the study 
area. 
Since information on food habits of both species is very limited therefore, this 
study was planned to fill the gap in scientific knowledge which may be 
helpful in designing conservation and management strategies. The chapter 
provides baseline information on the feeding spectrum of Tibetan wolf and 
Red fox. 
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4.2 Methodology 
Diet of carnivore mammals have been evaluated by using different method 
i.e. Gut content analysis (Cavallini and Volpi 1996), stomach content analysis 
(Basuony et al. 2005, Sanabria et al. 1995), Kill examination (Johnsingh 1983) 
and scat analysis i.e. by identifying hairs in scat (Ogara et al. 2010, Maurya et 
al. 2011, Home and Jhala 2009). Scat analysis is an indirect, non destructive 
and cost effective method (Schaller 1967, Sunquist 1981, Johnsingh 1983) and 
has been widely used to study the food habits of large and medium sized 
carnivore v^^orldwide (Cavallini and Volpi 1996, Carvalho and Gomes 2001, 
Kubarsepp and Valdmann 2003) and India too (Cohen et al. 1978, Maurya et 
al. 2011, Sharma et al. 2006, Ramesh et al. 2009, Home and Jhala 2009, 
Chourasia et al. 2012). 
4.2.1 Scat collection 
Most of the scats were collected form Rangdum and Chiktan area of Kargil 
district from May to July 2013. A total 24 scats of Tibetan wolf and 46 Scat of 
red fox were found in the study area. Scats from the two canids, collected 
opportunistically within the intensive study area were identified using 
characters given in earlier studies and information from the local herders 
(Aryal et al. 2010). Wolf scats were usually 1.5-2.0 inches in diameter with 
hairs and bones as its prey. Scats of red fox were indentified on basis of 
characters such as a relatively smaller size, long and final pointed tips, scats 
covered with grasses and fruit material etc. Each scat was retained in separate 
polythene bag, marked with proper label with information like species, date, 
location, old and fresh etc. 
4.2.2 Scat analysis 
Scats were washed under running water in a mesh sieve of 60 nm (Plate 4.1) 
and various indigestible material like fruits, seeds, hairs, bone, claws, feather, 
skin, etc. were separated and sun dried in the field (Plate 4.2). The dried hairs 
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were further placed in a solution of Xylol (xylene and ethanol; 50:50) for about 
24 hours (Plate 4.3). 
Hair identification to species level was done according to the procedure 
describe by Jethva and Jhala (2003). A total of 20 hair from each scat were 
selected randomly for analysis. Four hair were placed on a single slide and 
mounted with DPX. The slides were observed under a high power 
microscope (40X or lOOX). 
4.2.3. Identification of food items/ prey species 
Fruits and seeds were identified by comparing with the know samples 
collected from the study area during field surveys and by consulting students 
from Ladakh in Department of Wildlife Sciences. Identification of mammals 
was based on cuticular and medullary structure of hair present in the scats of 
the species. The hair were identified to species level by comparing the various 
characters of hair such as colour, length, breadth, medullary and cuticular 
patterns with the available references keys (Hausma 1920, Mayer 1952, De-
Marinis and Agnelli 1993, Lungu et al. 2007, Anwar et al. 2012, Shabbir et al. 
2013, Bahuguna et al. 2010). Rodents were not identified to species level except 
Long tailed marmot due the absence of reference material and was considered 
as one broad category. Insects was also not identified to species level and 
were placed in separate broad category of Insects. 
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4.3 Data analysis 
Quantification of diet of wolf was based on percent frequency occurrences, 
percent relative occurrence; relative biomass consumed and niche breadth. 
However, Quantification of diet of Red fox was confined to Percent frequency 
occurrences and percent relative occurrences. 
4.3.1. Percent frequency occurrence (%FO) 
Percent frequency occurrence of the consumed prey items was calculated 
following Shabbir et al. and (2013) using the formulae 
Number of scats containig i'-^ species 
Percent Frequency occurence (%F0) = * 100 
total number of scats 
4.3.2. Percent relative occurrences (%RO) 
Percent relative occurrences of the prey item consumed was calculated using 
the formulae as given below 
Number of prey items of t'^'^ svecies 
Percent Relative occurence {%R0) = —^— * 100 
Total number of prey item 
4.3.3. Biomass consumed 
Biomass of prey items consumed was calculated following linear regression 
model suggested by Floyd et al. (1978): 
Y = 0.38 + 0.02;r (For wolf) 
Where, 
Y = Kilogram of prey per collectible scat 
X = Average live weight of an i^ '* prey species. 
The live weight of prey species was obtained from Bhatnagar (2002), Pfister 
(2004) and Acharya (1982). 
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4.3.4. Food Niche breadth 
Food niche breadth (FNB) was calculated following the method described by 
Levins (1968) 
FNB = (B - l)/(iV - 1) 
Where, 
B = 1/ YPi^ 
P,^= Percent occurrence of each prey item. 
N= Total prey item found in the scat. 
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4.4 Results 
4.4.1. Diet composition of Tibetan wolf 
A total six prey species: four large, one small and one unidentified species 
were recorded in the analyzed scats (Table 4.1). Although the diet of wolf was 
less species rich, the niche breadth was estimated to be 0.530 (Fig 4.1). A large 
proportion of scats (79.17%) contained one prey species and remaining 
(20.83%) scats contained two prey species (Fig 4.2). The mean number of prey 
species per scats was 1.20±0.08 (±S.E). 
Domestic prey constituted the major portion of the wolfs diet with %FO 
value of 75.00% and %RO of 62.07% in contrast to wild prey species 
attributing 41.67% and 34.48% of %FO and %RO respectively (Fig 4.2). The 
most commonly represented prey species in the diet of Tibetan wolf was 
domestic goat with frequency of occurrence value of 41.67% (n= 10). It was 
followed by golden marmot Marmota caudnta (33.33%; n= 8), domestic sheep 
(20.83%; n=5), domestic yak (12.50%; n=3). The least occurring species in diet 
of wolf were peshmina goat, Asiatic ibex Capra ibex and unidentified prey 
species with a Percent frequency of occurrence of 4.17% (n=l). Table 4.1 
contains the information on percent frequency occurrence and percent relative 
occurrence of different prey species in the diet of Tibetan wolf. 
The proportion biomass contributed by prey species to the overall diet of wolf 
was highest by domestic yak (141.00 kg) followed by domestic goat (33.33kg) 
domestic sheep (24.17 kg), golden marmot (18.00), Asiatic ibex (9.08 kg) and 
peshmina goat (3.33kg). In terms of relative biomass consume, domestic yak 
was the most important prey item for wolf in the study area making up 
61.59% of the total biomass consumed. The contribution of the remaining prey 
species i.e. domestic goat, domestic sheep, marmot and Asiatic ibex and 
peshmina goat was 14.56%, 10.56%, 7.86%, 3.97% and 1.46% respectively 
(Table 4.2). 
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Moreover, in terms of relative number of individuals taken golden marmot 
contributed maximum (45.18%) followed by domestic goat (31.87%), domestic 
sheep (12.44%), domestic yak (5.20%) and peshmina goat (3.19%) whereas, the 
contribution of Asiatic ibex was minimum (2.03%) to the diet of wolf (Table 
4.2). 
4.4.2 Diet composition of Red fox 
The scats of Red fox contained 20 prey items including mammals, Aves, 
insects, reptiles, plant matter and Debris (Table 4.3). The niche breadth of Red 
fox was found to be 0.55. Most of the scats (73.91%) contained more than one 
food types while 26.09% of scat contained single prey item (Fig 4.2). The mean 
number of prey items per scat was found to be 2.41±0.17 (+S.E.). 
Medium sized mammals were the predominant item occurring in half of the 
analyzed scats of red fox (%FO: 50% and %RO: 21.30%) (Table 4.3). Of the 
mammal remains detected in the scat samples domestic goat contributed 
maximum to the diet of red fox with a %RO of 16.36% followed by domestic 
sheep (%RO: 6.36%). Table 4.3 contains the information of Percent frequency 
occurrence and Percent relative occurrence of prey item in the diet of Red fox. 
Small mammals found to be the second most important prey item in the diet 
of species (%RO: 19.44%) in the study area. 45.65% of the scats samples 
contained the small mammalian remains (Table 4.3). Among the recorded 
small mammals, golden marmot and rodents species (%FO: 17.39%) 
contributed equally with percent relative occurrence of 7.27%. However, the 
contribution of stoat was minimum (%RO: 1.82%) among the small mammals 
with a percent frequency occurrence of 4.35% (Table 4.4). 
Seeds and Fruits also occurred in the diet of Red fox at relatively high 
frequency (39.13%) being detected in 15 scats. Moreover, seeds and fruits 
shared 16.67% of the total diet of Red fox (Table 4.3). Seed were represented 
by unidentified seeds (%F0:19.57, %R0: 8.18), Wild Rose Rosa acularis (%F0: 
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8.70, %RO: 3.64), Wheat Triticum astivum (%FO: 4.35, %RO: 1.82) and Rice 
Oryza sativa (%FO: 2.17, %RO: 0.91). Apricot Prunus armeniaca was only fruits 
item recorded in the diet of the species (%FO: 4.35, %RO: 1.82). The 
information of percent frequency occurrence and percent relative occurrence 
is given in table 4.4. 
Birds also formed an important part of diet of Red fox by occurring in 32.61 % 
(%FO) of the scat sample and sharing 13.89% (%RO) of the diet of red fox 
(Table 4.3). The remains of birds were either unidentified birds species (%FO: 
30.43, %RO: 12.73) or domestic fowl (%FO: 2.17, %RO: 0.91) (Table 4.4). 
Plant materials, with frequency of occurrence of 21.74% contributed 9.26% 
(%RO) to the diet of Red fox (Table 4.3). These were mostly leaves and twigs 
of different plant species. Debris was also found to cover a considerable 
portion of diet of Red fox (%RO: 8.33) by occurring in 9 scat samples (%FO: 
19.57). Table 4.4 provides the information of %RO and %FO of each identified 
species. 
The presence of eggs, reptile and insects in the diet of the fox was infrequent. 
Eggs were recorded in 6.53% of scats with a contribution of 2.78% in the diet 
of Red fox. Remains of reptile and insects had a frequency of occurrence of 
2.17% (%RO: 0.93) in the examined scat sample. These were the remains of a 
Himalayan Agama and an Ant species (Table 4.4). 
•r. r\<\ 
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4.5 Discussion 
The present study revealed that niche breadth of Tibetan wolf was 0.530 
implying more or less opportunistic nature of Tibetan wolf in Ladakh. The 
same nature of Tibetan wolf (niche breadth: 0.59) was also reported by earlier 
study conducted in Hemis National Park of Ladakh (Sharma et al. 2006). Food 
niche breadth is influenced by density of large ungulates. Moreover, wolves 
specialised on large ungulates if those prey species are available in high 
number (Merrigi et al. 1996). Since, the distribution of large ungulates is scarce 
in Ladakh (Namgail 2009), Tibetan wolf tended towards opportunistic 
feeding habits. 
The large portion of wolf scat (~80%) contained single prey item. It may be for 
the reason that wolf mainly preys upon large mammals and have the ability 
to consume and digest large quantity of food in a short period (Mech 1970). 
High occurrence of domestic prey (64.28%) as compared to wild prey (35.71%) 
was noted in the diet of wolf. Maheshwari et al. 2010 also reported a high 
occurrence of domestic livestock (18%) in the diet of Tibetan wolf. Similar 
result of high dependence on domestic livestock was also mentioned by 
Subbha (2012) in the Trans-Himalayan landscape of Nepal. Sharma et al. 
(2006) and Namgail et al. (2007) mentioned wolf as the major livestock 
predator in Ladakh. Moreover, studies conducted on food habits of wolf over 
its distribution range also revealed the high share of domestic livestock in 
their diet (Salvador and Abad 1987, Vos 2000, Pezzo et al. 2003, Migli et al 
2005). 
In the course of this study, it was found that domestic goat was most 
important species both in percent frequency occurrence and percent relative 
occurrence which may be probably due to the easily availability of domestic 
livestock particularly during the summer in high alpine pasture when 
livestock is left in open to graze mostly unmanned which makes them 
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vulnerable to depredation. However, low percentage of Asiatic ibex (4.17%) in 
wolf's diet may be due to low and scarce population of wild ungulates in the 
study area (Namgail 2009). Domestic yak. Domestic goat and wild sheep 
contributed more than 80% of the biomass consumed. Earlier studies on 
feeding habits of wolf across its distribution range affirmed that large 
mammals form the main part of their diet (Pezzo et al. 2003, Nowak et al. 2005, 
Migli et al. 2005) 
Red fox, in the current study found to be a generalist/opportunistic forager 
(Niche breadth: 0.55). The current finding is consistent with the previous 
studies conducted across its distribution range concerning dietary 
composition of the Red fox (Englund 1965; Amores 1975, Basuony et al. 2005). 
The data suggested that Red fox will eat virtually all whatever food is 
available locally. Henceforth, the occurrence of more than one prey item in 
most of the scat can be due the opportunistic foraging behaviour of the Red 
fox. 
The study revealed maximum occurrences of large size mammals particularly 
domestic livestock in the diet of Red fox. These can be carrion left by other 
large predator particularly Tibetan wolf which was later fed by Red fox. The 
dominancy of livestock and carrion feeding by Red fox have been reported 
across its distribution range (Hewson 1976; 1985, Greentree et al. 2000, 
Hoelgaard 2008). 
Small mammals including long tailed marmot and rodents form considerable 
portion of diet (45.65%) of Red fox after large sized mammals. Small 
mammals particularly rodents have already been proved important and/or as 
the main prey species for the Red fox (Basuony et al. 2005). 
The consumption of alternative food resource i.e. fruits/seeds in the diet of 
Red fox can be explained as may be either due to a) preference for it, or b) a 
consequence of seasonal availability, or c) an obligate diet when sources of 
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animal proteins (e.g. rodents, carrion, insects) are scarce. Proteins are mainly 
required by carnivores to build up and to restore body mass. However, in 
case of scarcity or unavailability of animal proteins, some carnivores can 
survive by taking plant food, e.g. fruits and berries, often in large quantities to 
compensate for limited actual digestion (Schaller et al. 1985). Moreover, Red 
fox being an opportunistic species which tend to take what is most available. 
Hence, a combination of b) and c) explains the use of Fruits/ seeds by Red 
fox. Plants materials (leaves/stems) which were found quite often may either 
be accidentally ingested by Red fox while consuming other foods or are taken 
only when nothing else is available. 
The presences of birds in the diet of Red fox have been recorded in earlier 
studies (Basuony et al. 2005, Jankowia et al. 2008). The consumption of eggs, 
reptile and insects might serve as an alternative source of protein in the 
absence of major prey items (Pakalniske 2012). Plant remains also appeared in 
the scat samples of the species. These seem to be accidentally ingested by the 
foxes while consuming other food items. 
4.6 Recommendation 
The current study was carried out for a short duration during the summer 
months. Since food habits studies form a vital component of animal ecology 
and are useful in setting conservation target. More comprehensive studies are 
recommended to make solid decision on food habits, niche breadth and 
magnitude of conflict and extent of livestock dependency of Tibetan wolf 
Moreover, extensive awareness programs are required particularly with 
livestock holder to make them aware of species importance in ecosystem. 
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Table 4.1: Prey species abundance in the scat of Tibetan wolf 
S.No. 
1 
2 
3 
4 
5 
6 
7 
Prey species 
Domestic goat 
Peshmina goat 
Domestic sheep 
Domestic yak 
Golden marmot 
Asiatic ibex 
Unidentified 
species 
Count of 
occurrence 
10 
1 
5 
3 
8 
1 
1 
Percent frequency 
of occurrence 
41.67 
4.17 
20.83 
12.50 
33.33 
4.17 
4.17 
Percent relative 
occurrence 
34.48 
3.45 
17.24 
10.34 
27.59 
3.45 
3.45 
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Table 4.3: Frequency of occurrence and percent relative occurrences of 
different prey categories in the scats of Red fox 
S.No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
Category 
Mediiim sized 
mammals 
Small mammals 
Birds 
Egg 
Insects 
Reptile 
Seeds /fruits 
Plants materials 
Stones 
Debris 
frequency 
of 
occurrences 
23 
21 
15 
3 
1 
1 
18 
10 
7 
9 
108 
Percent 
frequency 
occurrence 
50.00 
45.65 
32.61 
6.52 
2.17 
2.17 
39.13 
21.74 
15.22 
19.57 
Percent 
Relative 
occurrence 
21.30 
19.44 
13.89 
2.78 
0.93 
0.93 
16.67 
9.26 
6.48 
8.33 
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Table 4.4; Prey species abundance in the scats of Red fox 
Category 
Medium 
sized 
mammals 
Small 
Mammals 
Aves 
Eggs 
Insects 
Reptile 
Seeds/ fruits 
Plants 
material 
stones 
Debris 
Unidentified 
Prey type 
Domestic goat 
Domestic sheep 
Golden marmot 
Unidentified Rodents 
Stoat 
Domestic fowl 
Unidentified bird 
species 
Eggs 
Ant 
Himalayan Agama 
Apricot 
Rice 
Wheat 
Wild Rose 
Unidentified seeds 
Leaves/twigs 
Unidentified stones 
Debris 
Count of 
occurrence 
18 
7 
8 
8 
2 
1 
14 
3 
1 
1 
2 
1 
2 
4 
9 
10 
7 
9 
1 
Frequency 
of 
occurrence 
39.13 
15.22 
17.39 
17.39 
4.35 
2.17 
30.43 
6.52 
2.17 
2.17 
4.35 
2.17 
4.35 
8.70 
19.57 
21.74 
15.22 
19.57 
2.17 
Percent 
relative 
occurrence 
16.36 
6.36 
7.27 
7.27 
1.82 
0.91 
12.73 
2.73 
0.91 
0.91 
1.82 
0,91 
1.82 
3.64 
8.18 
9.09 
6.36 
8.18 
0.91 
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Figure 4.1: Niche breadth of Tibetan wolf and Red fox 
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